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Power and Heating Plant of Utica State Hospital 


MECHANICAL NEEDS OF INSTITUTION APPROACHING 
Ciry PROPORTIONS SUPPLIED FROM CENTRAL PLANT 





T MARCY, N. Y., a few miles out of the 
city of Utica, is a site covering 1035 
A acres chosen by state authorities for the 
new insane hospital which is known as 
the Marey Division of the Utica State 
SEIS Hospital. When the present plans are 
completed this institution will consist of 

52 buildings, including the cottages occupied by the 
employes, and will supply the needs of 3000 patients. 
This institution will form a fair sized town and it has 














of the institution, three of the largest of which are now 
nearing completion. All the buildings and cottages will 
be heated from the power plant by forced hot water cir- 
culation, the main pipes being carried in a concrete tun- 
nel 814 ft. wide by 10 ft. high and 3100 ft. long, with 
laterals carried to the buildings in Johns-Manville con- 
duits. 

Not only will the power plant furnish heat but light, 
power and refrigeration. Steam at reduced pressure 
will be supplied for cooking, sterilizing, laundry and 


FIG. 1. GENERATING UNITS AT UTICA STATE HOSPITAL 


all been laid out to give the greatest possible conveni- 
ence and comfort to those who will reside there. 
One of the first buildings to be constructed was the 


power plant, the services of which are extremely valu- - 


able in completing the construction of. other buildings 


other purposes. Water for domestic use will be heated 
in the power plant and kept in continuous circulation 
by pumps. Although the pumping plant for the insti- 
tution is separated from the power plant it comes under 
the supervision of the chief engineer, T. J. Williams, 
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and the power required is drawn from the generators 
in the power plant. 

To supply water for the institution a dam was con- 
structed across a creek, thus forming a large reservoir 
from which the water is drawn, filtered, purified and 


Coal which is used in the plant is Pennsylvania 
bituminous run-of-mine which has an average heat value 
of 14,600 B.t.u. and an ash content of 8 per cent. From 
the track hopper an apron feeder delivers the coal to « 
double roll crusher whence it is discharged to a bucke' 


delivered to a water tower on a hill. 

The various plans for the institution were worked 
out under the direction of L. F. Pilcher, state architect, 
former Chief Engineer Nichols and the present Chief . 
Engineer, R. C. Taggart, being responsible for the de- 
sign of the power plant, which is in reality a central 
station supplying practically all the mechanical needs 
of the entire institution. The mechanical equipment in ~ 
the power plant was installed by the Shevlin Engineer- 
ing Co., Langdon & Hughes, General Electric Co. and 
the Ridgeway Engine & Dynamo Co. 


conveyor through an automatic bucket filling valve which 








GENERAL ARRANGEMENT OF POWER PLANT 


FoR CONVENIENCE in securing rail deliveries of coal 
and machinery, the power plant building is located near 
the railroad track with a private siding provided with 
a track hopper for receiving coal from drop-bottom cars. 
In general, the building consists of a boiler house with 
basement, separated by a fire wall from a heater and 
pump room through which an elevated aisle passes from 
the main floor of the boiler house to a mezzanine floor 
on which are located the generators and where provi- 
sion is made for the refrigerating machinery which will 
be installed later. Beyond the engine room is a large 
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60 cycles frequency. A special device prevents the 
crusher motor from starting until the conveyor is at 
full speed and can carry the coal away as fast as it is 
received. By means of this equipment a carload of 70 T. 
ean be handled in 20 min. 


machine room separated from the rest of the building 
by a fire wall and used at present as a garage. The 
entire structure.is of brick and steel, well provided for 
natural lighting with large windows in the side walls . 
and roof. 
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Delivery of the coal from the conveyor is to an 800-T. 
reinforeed concrete bunker, built by the Brown Hoist- 
ing Machinery Co., located over the firing aisle in the 
boiler room. Gates in the bottom of the bunker dis- 
charge to a traveling weigh larry which has chutes to 
stoker hoppers on each side of the aisle. The larry is 
equipped with Fairbanks scales which stamp the weights 
on ecards. 

Ashes discharged from the stokers are quenched with 
water in the ashpit then dumped into industrial cars 
for delivery on tracks to a ship hoist. Soot aecumula- 
tion in the combustion chambers is delivered through 
chutes to the same cars and disposed of with the ashes. 
The ash bin to which the skip hoist delivers the ashes 
is located outside the building and elevated to such 
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and are operated at 125 lb. pressure, which is indicated 
by an Ashcroft pressure gage, a record being made of 
the header pressure on a Columbia recording pressure 
gage. Water level in the boiler is controlled by feed 
water regulators, and the Reliance water column has a 
high and low level alarm attachment. Each boiler is 
provided with two blowoff pipes which connect by a Y 
fitting to the main pipe leading to the blowoff chamber. 
In each branch and main pipe is an Everlasting blowoff 
valve. For dusting the boiler tubes of soot, Diamond 
soot blowers are employed. 

Serving the boilers are Jones A.C. 5-retort under- 
feed stokers the operation of which is automatically 
controlled in unison with the load on the boilers by 
means of a Gardner governor which also controls the 





FIG. 4. LOOKING DOWN FIRING AISLE IN BOILER ROOM 


a height that trucks may pass under it to receive the 
ashes by gravity through a gate in the bottom of the bin. 


Borter Room 


IN THE design of the boiler room considerable atten- 
tion was given to arranging the equipment so that nat- 
ural light would be used as much as possible. This 
was accomplished partly by placing large windows in 
the ends of the boiler room and partly by elevating the 
coal bunker so that light will be let in to the firing 
aisle from the windows above the boilers. Light at 
night is supplied by a number of 1000-w. electric lights 
advantageously located around the room. 

Although the ultimate plans call for eight boilers, 
at the present time there are only three of them in- 
stalled. Each of these has a rating of 500 hp. and is 
supported in a single setting. They are Stirling boilers 


speed of the two fan engines furnishing the forced 
draft for the stokers. These fan units consist of Vic- 
tory 11 by 10-in. engines direct connected to No. 170 
Clarage fans. The normal speed of these units is 300 
r.p.m., but varies with the load carried on the boilers 
so as to furnish the proper amount of air for the coal 
being burned. The amount of steam being generated is 
shown by flow meters, one of which is installed in the 
lead from each boiler. 

Although, as stated above, the forced draft is auto- 
matically controlled, draft over the fire is regulated by 
manually operated dampers in the connections to the 
breechings, the hand levers being conveniently located 
at the front of the boilers. In making damper adjust- 
ments, the firemen are guided by the indications of a 
three-in-one draft gage, provided for each boiler, which 
gives the air pressure under the fuel bed, draft in the 
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furnace and at the damper. The correctness of combus- 
tion is shown by a recording CO, instrument taking 
samples of the gas at the entrance to the stack. Aid 
is also given the firemen in handling the boilers by the 









T Hill. — 
| | My y 4 y Y { L z 
HtP y/ Y 4 | Rs © 





























TUNNEL | 
| 











ERING 


located just outside the boiler room wall in line with 
the rear of the boilers now installed. Future plans call 
for another stack of like dimensions to care for the 
gases from the boilers to be installed on the other side 
of the aisle. 

Water used for feeding the boilers is principally the 
returns from the heating system, make-up water being 
taken from the regular institution supply system through 
a meter. Return condensate from the heating system 
and the high and low pressure drip piping together 
with the make-up water go to the Cochrane open feed 
water heater to which is connected an auxiliary storage 
tank which was provided to prevent waste of hot con- 
densate returns when these exceed the demand for feed 
water. 

Exhaust steam from the engines and auxiliaries is 
used for heating the feed water, that from the engines 
first passes through an oil separator. In order to re- 
duce the flow of steam through the separator the size 
of the exhaust pipe is increased from 10 in. to 14 in. 
for a run of 14 ft. before entering the 14-in. oil separa- 
tor. This arrangement is an insurance against oil in 
the exhaust steam which is used not only for heating 
feed water but also for heating domestic water and that 
used in the heating system. 

Leaving the heater at a temperature around 210 
deg. F., the feed water passes through a Cochrane 
V-notch meter on its way to the feed pumps on the 
floor below. Two Dayton-Dowd Co. three-stage cen- 
trifugal boiler feed pumps are installed; these are driven 
by direct connected 45-hp. Terry turbines run at 2500 
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FIG. 5. DIAGRAM OF COAL AND ASH HANDLING 


recording pyrometer giving the temperature of the stack 
gases. 

Natural draft for the removal of the flue gases is 
induced by a radial brick stack 150 ft. high, 13 ft. in 
diameter at the bottom and 10 ft. at the top. This is 
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r.p.m. and are designed to deliver 400 gal. per min. 
against a pressure of 140 lb. which is maintained con: 
stant by means of a pump governor. All boiler feed 
piping is extra heavy, galvanized and lead lined. 
Throughout this entire plant one is impressed with 
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the appearance of the steam piping which is covered 
throughout with magnesia held in place by a layer of 
canvas, even the flanges and valve bodies are fitted with 
molded covering which may be easily removed in case 
of trouble. The covering is painted white, no color 
designation being employed, but at short distances on 
each pipe are stenciled in black letters the services to 
which the pipes are put. All high pressure piping is 
extra heavy with steel flanges and Vanstone joints. 
Leads from the boilers take the form of a loop to 
the header, an automatic stop and check valve being 
placed at the boiler opening and a hand operated angle 
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exciter direct connected to the shaft, the exciter voltage 
in all cases being 125. 

Unit No. 1 consists of a 312-hp. engine, with a cylin- 
der 19 in. in diameter by 20 in. stroke run at 200 r.p.m., 
the generator is rated at 250 kv.a. or 200 kw. at 80 per 
cent power factor and the exciter has a capacity of 
121% kw. 

The second unit is driven by an engine 15 by 16 in., 
rated at 200 hp. and runs at 257 r.p.m., while the gen- 
erator is rated at 120 kw. and the exciter at 8 kw. 

The engine driving No. 3 unit runs at 277 r.p.m., is 
rated at 120 hp. having a cylinder 12 by 14 in. The 



















































































FIG. 7, FEED WATER HEATER, AUXILIARY TANK AND METER. FIG. 8. TURBINE DRIVEN BOILER FEED PUMPS. 


FIG. 9, WATER HEATERS FOR HEATING SYSTEM. 


FIG. 10, THERMOMETERS AND FLOW METER FOR ONE 


UNIT OF HEATING SYSTEM. FIG. 11. RETURN TRAPS FOR EXHAUST STEAM PIPING; SUMP PUMP 


valve at the header which runs parallel with the line 
of the boilers. From this header the main steam line is 
taken off at right angles and extends the entire length 
of the pump and engine room with branches taken off on 
each side for supplying equipment requiring live steam. 


ELEctTRIC GENERATING UNITS 


THREE ELECTRIC generating units furnish the needs 
of the entire institution for light and power. These 
are all Ridgway engines direct connected to alternating 
current generators delivering 3-phase current at a fre- 
jueney of 60 cycles and 2400 v. Each unit has its own 


rating of the generator is 72 kw., and that of the ex- 
citer 7 kw. 

For controlling the output of the generators, a stand- 
ard General Electric switchboard is installed consisting 
of 10 panels, located near the end wall of the engine 
room, adjacent to unit No. 3. Current is distributed 
throughout the institution at 2300 v., 3-phase, the volt- 
age being stepped down at the various buildings to suit 
the needs. 

In the power plant, motors operate at 200 v. on 
3-phase current and the lights at 110 v., this current is 
supplied through two General Electric (o. single phase 
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transformers tied together by a Scott connection, one 
being rated at 371% kv.a., the other at 25. These are 
located in a compartment off the pump room under the 
engine room floor. 


HEATING SYSTEM 


As HAS already been stated, the buildings constitut- 
ing the institution are all heated by hot water, the cir- 
culation being forced through pipes in tunnels and 
conduits by pumps located in the power plant. The 
water used in this system is heated by the exhaust steam 
from the main engines and all steam driven auxiliaries 
supplemented by live steam at reduced pressure when 
the demands require it. Exhaust steam comes to the 
heaters at a pressure ranging from atmospheric to 5 Ib. 
while the live steam is reduced in pressure from that 
carried in the header to 10 Ib. 

At present there are installed two heating units with 
provision made for one more, each unit consisting of two 
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CROSS SECTION THROUGH PUMP ROOM 


heaters; two expansion tanks; two turbine driven, two- 
stage centrifugal circulating pumps rated at 2250 gal. 
per min. and run at 1800 r.p.m.; and two Bundy steam 
traps, together with instruments. 

The heaters are of the vertical flue type, taking 
the form of a closed heater, and were built by the 
Geneva Manufacturing Co. They are so connected that 
both may use either exhaust or live steam at reduced 
pressure of 10 lb. or one uses exhaust steam while the 
other takes live steam, a check valve being provided to 
prevent live steam from backing up in the exhaust pip- 
ing. The condensate that accumulates is drawn off by 
the Bundy return traps. These have 3-in. connections 
and deliver the condensate to the feed water heater 
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while it is still hot, the elevation being about 20 ft. Steam 
from the intermediate pressure piping, at about 20 lb., 
is used in the traps for returning the water. 

Water used for circulating through the radiators 
leaves the plant under the conditions prevailing during 
the past winter, at about 178 deg. F. and returns at 172 
deg. It may be passed through the heaters in parallel 
or in series, or either one may be bypassed. Circula- 
tion of the water through the system may be varied to 
suit weather conditions by varying the speed of the 
turbines driving the pumps, in the steam supply line to 
which is an adjustable pressure reducing valve. 

For each unit a separate pipe line is run in the 
tunnel, the outgoing and return pipes being of the same 
size, 12 in. in diameter. They carry 50 lb. pressure and 
are made up of extra heavy piping with Vanstone joints 
well insulated with 85 per cent magnesia pipe covering. 
The amount of water circulated in each unit is regis- 
tered by a Simplex flow meter and Columbia recording 
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FIG. 12. CROSS SECTIONS AND DIAGRAMS OF PIPING SYSTEMS 


thermometers give the outgoing and return water tem- 
peratures. 
In connection with each heater is an expansion tank 


‘the upper part of which is filled with air at 50 lb. pres- 


sure supplied by a Westinghouse two-stage vertical air 
compressor. The tank is provided with a relief valve 
which opens in case the water being circulated in the 
system expands under heat to such an extent as to in- 
crease the pressure beyond the desired limit. Make-up 
water comes directly from the service system through an 
integrating meter. 

Hot water used for domestic purposes is heated in 
two Whitlock heaters by exhaust or reduced pressure 
live steam as the conditions demand. Connected to 
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the heaters is a storage tank that will take care of 
fluctuating demands. The temperature is maintained at 
120 to 140 deg. F. by a Powers temperature control 
valve. This hot water is kept in circulation by a Dayton- 
Dowd single-stage centrifugal pump rated at 50 g.p.m. 
and driven at 1150 r.p.m. by a 114-hp. Wagner motor. 
The hot water main in the tunnel consisting of an out- 
going and a return pipe is made up of 8-in. extra heavy 
galvanized pipe. 

The tunnel also accommodates the intermediate pres- 
sure steam piping, used for cooking, sterilizing, laundry 
work, ete., which consists of two 4-in. outgoing lines and 
one 4-in. line returning the condensate. The pressure 
carried on these lines is 40 lb., the steam being obtained 
through reducing valves from the main header. 

All high pressure steam piping in the plant is well 
provided with drip pockets from which the condensate 
is removed and delivered to the feed water heater by 
means of Johns-Manville ball traps. Condensate from 
the low pressure piping which does not contain oil is 
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pumped up to the heater by the two Bundy return 
traps shown in Fig. 11, which also shows the two 
Yeomans Bros. Co. sump pumps which automatically 
deliver sewage collected in the plant to a sewage disposal 
plant and then into the state barge canal. Clear water 
drainage from the plant runs by gravity to the creek 
below the dam. 


PuMPING PLANT 

By BUILDING a reinforced concrete dam, 30 ft. high 
and. 650 ft. long, across the creek a reservoir was formed 
which has a total capacity of 50,000,000 gal. but which 
gives 20,000,000 gal, as the working capacity. From the 
dam reservoir the water runs by gravity to a clarinating 
station where it is first treated with alum, then passed 
through the Roberts filtering beds, of which there are 
four, each having a rated capacity of 200 gal, per min. 

Each filter has a loss of head meter and when the 
reading shows an excessive head loss, the filtering bed 
consisting of various sizes of crushed quartz is back 


PRINCIPAL EQUIPMENT IN POWER PLANT 


Manufacturer— 


No. Equipment— Service, Type— 

1 Air compressor..........-.+-- Ale £0) CXPAMBION TANKS: 005 ooo icicle eeeee nse s selec sacs Westinghouse Air Brake Co. 

SB PAI NEE TRU 5-6 3.0 6 0 910.0 1055. c1s 25) acp oie gag c1ee Os 10 6 5 's.0.010) 010s o 600 00 b.0'e sib ibe Aisa ggiaitieciseeeee eee Utica Steam Boiler Co. 

3 Boilers, Stirling............-. I III, 65 oases veccicecnveccrcnsovoesnceseve Babcock & Wilcox Co. 

Boilers, brickwork............ ARMM MORG HNN so 60) fera son 6 o.sisig ices cyocee civ evee sev cienseete Geo. Allen & Sons. 

2 Boiler feed pumps............ Centrifugal, turbine Grive. .... 2.25. ccc cccscccsecccnccccrcsece Dayton-Dowd Co. 

Back pressure valves.......... .To maintain from 5 to 10 Ib. exhaust steam pres. on heating system.Atwood & Morrill. 
Boiler feed water regulators... Continuous feed... ........2scccccccccccccccessscescesscccces S-C Regulator Mfg. Co. 

2 Boiler feed pump regulators...Maintains 140 Ib. on feed line............... ce eee eee eee eeeee 8-C Regulator Mfg. Co. 
Boiler tube cleaner........... PU MERE ONIR NERO TISIWIO ST oi5-:5 50's ns 11's, 010:0/5s!sinisielsis.05:b esisia ade oe cicnere Roto Co. 

BYSCENING Ss chs 5605's sesee see SNE CAM I eet Sic dG OE ie Siab ss sie BV 5 ei boa cb wesebae Geneva Boiler Works. 
Coal and ash handl’g apparatus.3-roll crusher, apron conveyor, bucket conveyor, industrial ash 
MERRIE ooo 6 oie 401d doibicie.c'e <4 cleceles cc cccincbs sition valence C. W. Hunt Co. 

1 CO2 recorder..........++.-+6- MUI P RAN MUON IMNON 5 6 60.00 bncc soso cc ccccsecsccsiseccsteesess Precision Instr. Co. 

1 Hot water pump.........-.00. Circulating domestic hot water. Centrifugal, motor driven. 50 g.p.m..Dayton-Dowd Co. 

2 Domestic hot water heaters....Heating water used for domestic purposes, closed type using exhaust 

or reduced pressure live steaMm............ ec eeeee cece eeeeees Whitlock Coil Pipe Co. 

3 Draft gages.........sssseee 3-in-1, pressure in wind box, draft in furnace and at damper...... Precision Instr. Co. 

3 EMgines ....cccccccccccccces ere CI MERMEN Ay 7h Sy alec viv g's osloG + cli dicisisia Uuces ev ose cae Ridgway Dynamo & Engine Co. 

2 Engines ...........seeeeeees DFIVIN® GIOEC TANS. «ooo. 2 oes esc c tec ces se secadeececceccescons Erie Engine Works. 

1 Feed water heater...........- SENT PONMEUEE G5 /ora 1a: 5c) 5 <isi0'aa F's'e'e 65\4 % aieinie «2 8's:910,«1si010'els. e66.ore's H. 8. B. W.-Cochrane Corp. 

1 Feed water meter............. NOI  on tS als cis.ck Fics cing He pivisic cw cca velncs eicecedee ees ee sees H. 8. B. W.-Cochrane Corp. 
Fittings, PIPE. 6.2... sees eee RMR MENON Cc bia 5 a's d)o.sin'sscssidiedeccetcscesosvesnsee bees General Fire Extinguisher Co. 
GAGS COREE os50505 sis oe sewees MEP IMEMEIIOIURS 6 60.016 5.6 oo sivesciewsa decceercnnsceeseess es Amer. Steam Gauge & Valve Mfg. Co. 
NFARIOD © siatain ies viviwisivig-60i0:¢ ew sie eae 50-5: 55014) so) /6 o givedieis. «bruise weil clare 80> sale oe SRN Marshalltown Mfg. Co. 

GagZed ...ccccccccecceccccces aS TRIMMERS EMIMIINE TA oY o'c/0(0/' 6's 016’ 6:8) cle/o'e.0 a'es)s vicie oso. ssleeie eget eeweie Marshalltown Mfg. Co. 

3 Generators .....-..secceseees eM EM 's5'5 55's 40.57.56 Hd e.< eb av c'siale Moeseees Sees General Electric Co. 

4 Water heaters...........se0e- PR EU REPO UMUC siecle ees 6.5/5.0 0 cc che csi peie ene et setisie sedis esas Geneva Mfg. Co. 

3 Steam flow meters............ NII EE MIE Selo olive 5 8616 a a viacaidis oa <0.0\dsicic’s vlae deine een Republic Flow Meters Co. 

Oil separator........se.eeeees RRR REMMI G HURMIN ol<1a\s.0 scaly 5's |s 9. o'0is vivie.s' 8 669000106 b.w cree smie's H. 8. B. W.-Cochrane Corp. 
Pipe covering.......-.csesees Steam and hot water piping—magnesia.................220.008. Johns-Manville, Inc. 

Pressure reducing valves...... NNN TMI os ch5'6) 2101 91s 95 1 cls @/oi0.0 olacle Sieia/6)6,5,0cs. cia edie ei mieinga® sie: Atwood & Morrill. 

IPEPIO™ sis is'sa'4 o's Gis iso hrs. ena 40 NG Na aes she 0 aie, taiwig tic 4 6 SAais cause ese) + wie.ae eke heee cee ee Ballwood Co. 

PAPO rsa ase bsesio% sees ewscene a RN CUR cao Gh cc 2.56 515° ola: ds6) 4:66) 6rd, scale aidiere bis alba, Baa ed LaBelle Iron & Steel Co. 
ep) A ee rea tee ta 3 es SIT erates 6s o sla occ: sci iaie srsin bb Sait 4. o.claceeieae gi aaceelewy a United Lead Lined Pipe Co. 
POOR cis icren 04.0596 SS se aleies Ree Ursfel sia. ciaia'e «a <i9'o'si6- 00.0 6 iv 0:0)0:0: 4:0: sieleleieiwiee @eociee Garlock Packing Co. 
EAVTOMPUGT 016450 0 5.0000 os slewe OORT ULID SIUGTORS LOIIDOPMCUPOGs ..o 5 65.5 occ ec cc cecccsicesscecwes Brown Instrument Co. 
SRUIUONI io 63505 (ais 3.5 4'5 69's 056 50% aN (ooo 9 6 '6.<. 6165 4: ein 6 S16 etd: Welgle sie a eae H. B. Swartout Co. 

3 Steam separators............. Ra MMA RP IRUMUR ESE SMBIIEU ES 66. W's «5:06:01 6:0:5 6 01014 0'6:.0'4-0'0.0:0 0:4:0,66 to90 8B Crane Co. 

3 ROOU MNIWEEBit hiely dooce esse oe PRCGMMMICAI—EN OMEN WOERINDES 5 oosb5ccbicticcccesscccecsescceus Diamond Power Spec. Corp. 

DO REGMAPS Sh eattsrneie.s ct Siew See Om tse ORNS (SEE RR RCRA 40.0; 6:5 5 si 94:6 9.0 :0:0 0% 4 ale, 6:6: bia waco oils Hi wiOere Underfeed Stoker Co. of America. 

1 Steam pressure gage.......... PURO TAL ENES IMDS IRE METERS 15 6\'s 0:45) 5 6 9.9.0:6-6 4: 6;0:6'4-010:0,6,.0:0:604. 6. 6.8008 Schaeffer & Budenberg Mfg. Co. 

© Steam tarbiness.. <6... 000% 2 driving boiler feed and 4 variable speed for heating water circu- 

lating pumps, speed varied to meet temperature conditions....Terry Turbine Co. 

2 Steal Huns o.c scars sn ewe Vertical automatic, sewage disposal.............ccceccccceccces Yeomans Bros. Co. 
Temperature regulating valves..Domestic hot water heaters. ...........-.ccececccccceecceeeeccs Powers Regulator Co. 
APRN BUOMENS 25-5 ciara aceiece-o 8 Returning low pressure condensate to heater—Bundy............ Bundy Steam Trap Co. 
LED BONERS 555 eso S ee Nonreturn, delivering high pressure drips to heater.............. Johns-Manville, Inc. 

4 VONR ee ineiiecs cw eeskwee Expansion and storage in heating system................+-0000: New York Central Iron Wks. 

4 Whermaneyere s o.:c60508 0% e00 Recording heating water temperature................0ceeeeeeeee Schaeffer & Budenberg Mfg. Co. 
Thermometer ..........: eer Bee OM UIMIO SS Coss on ccbicelaibee sees sevsdecedecespaweuee Schaeffer & Budenberg Mfg. Co. 
CHGTMOMIBEOIE 566610. 2038/53 Riera iis a MAREN s ase Gb sayais, 016916, ¥b-0s\s'v:0\0 06 a apie nits oes me eer Schaeffer & Budenberg Mfg. Co. 
DE IMED cis foliGat Sid odie a6.3,8 8 artis WOLCICME, TIGN TIORE CIDDS 60 556.6.0 6 osiccscincosscccecdcdieseies Wright-Austin Co. 

2 MR cekbatilocaceescacend Recording water flow in heating system..................ee0eee: Simplex Valve & Meter Co. 
VEIVON RS Sc Sie ote ee Seb ee eae RRO OMNI 25.5 ILS 0idig GC Gia o,60 sulin 6's bce doc ose 0b eos enews Chapman Valve Mfg. Co. 
VRIVON Ariane cRiensorda wad TOMER nu 5: 5 o/s bat cag 4: 95g 3 aie Wie ible Ridin Bis iweis 0d SEIS Jenkins Bros. 

WANWER each Satn stan awee Papa ORRIN 165: 6 63h 0 5's 6s 0 Bloveso sh 0 asa !h <jns nie, 03053, 8.0-0S oma Sad Jenkins Bros. 
WAIVER Gabe Seas oc ce ean eee ee toe ce ou LEI eE NORCROSS COC eae Oe Pec Amer. Steam Gauge & Valve Mfg. Co. 


2 %Watenapiiebiecia sos. .es Dise type, measuring water taken from institution supply........ Worthington Pump & Machy. Co. 
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washed by means of a single stage, double suction, 
Morris centrifugal pump driven by a 30-hp. motor at 
173 r.p.m. 

From the filter beds the water flows by gravity to a 
covered clear water basin which has a capacity of 50,000 
gal. Taking the water from this basin are four three- 
stage, Morris motor-driven, centrifugal pumps, three of 
which are rated at a capacity of 700 gal. per min. 
driven by 75-hp. Wagner motors, and one at 400 gal., the 
motor rating being 40 hp. These deliver the water to 
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the reservoir on the tower and the piping system at a 
head of 230 ft. Eddy check and gate valves are usei 
in the pumping plant. 

Three 3-phase transformers of 75 kv.a. capacity; 
one 3-phase of 37.5 kv.a.; and one single-phase, 5 kyv.a. 
step the voltage of the distribution line down to 220 v. 
for the motors and 110 v. for the lights. Hand operated 
Cutler-Hammer starting controls are used for all the 
pump motors except that for the sump which is a Wag- 
ner motor with a Sundh automatic control. 


Boiler Water---I 


A Strupy OF THE CHEMISTRY AND TREATMENT OF WATER USED 


FOR FEEDING PURPOSES. 


the form of salts, usually salts of calcium and 

magnesium; these impurities are the incrusting 
solids found in boiler scale and deposits; a water con- 
taining these incrusting solids is said to be hard. It is 
the purpose of the treating plant to take out these 
solids and make the water soft and fit for boiler feed 
purposes. 


Nite: for ALL natural waters contain impurities in 


TEMPORARY HARDNESS 


By TEMPORARY hardness we mean those dissolved 
salts in the form of bi-carbonates. These bi-carbonates 
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Ca(OH), = 2CaCO, + 2H,0 
Lime 

(Slacked) 

It will be noticed that in each of these cases where 

(NaOH) caustic soda is used, sodium carbonate or soda 

ash (Na,CO,) is a by-product in the reaction; when lime 

is used no such alkaline by-product is formed. 


Ca(HCO;). + 


PERMANENT HARDNESS 
THE PERMANENT hardness is made up principally of 
the norma] salts of calcium and magnesium, the salts of 
aluminum and iron ate also classed here. These salts 
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are formed by the action of the carbonic acid (carbon 
dioxide plus water) on rocks such as limestone, ete. 
The reaction may be represented thus: 
CO, + H,O + CaCO, = 
Carbon Dioxide Water Limestone 


Ca(HCO,), 
Calcium 
Bi-carbonate 
This same reaction applies to the carbonate of magne- 
sia. When these bi-carbonates are heated they lose 
their CO, and the limestone or calcium carbonate is 
precipitated. In the water treating plant, these salts 
are precipitated by means of caustic soda, lime or both. 

The reactions are as follows: 


Ca(HCO,),-+ 2NaOH = CaCO, + Na,Co, + 2H,0 
Calcium Caustic Caleium -Soda Ash Water 
bi-carbonate Soda Carbonate 


Mg(HCO,), + 4Na0OH = Mg(OH), + 2Na,CO,+-2H,0 
Magnesium 
Hydroxide 


Magnesium 
Bicarbonate 


HARDNESS CURVES OF SCHUYLKILL RIVER WATER 


are precipitated in the treating plant by means of soda 
ash or sodium carbonate. The reactions are as follows: 


CaSO, + Na,CO, = CaCO, + Na,SO, 
Calcium Sulphate Soda Ash 
MgSO, + Na,CO, =_— MgCO, oh Na,SO, 
Magnesium Soda Ash 
Sulphate 


The magnesium sulphate, MgSO,, may also be precip- 
itated by caustic soda thus: 
MgSO, ++ 2NaOH = Mg(OH), + Na,SO,. 


INDICATORS 


PHENOLPHTHALEIN and methyl orange are the two 
common indicators used in water analysis and because 
of their different actions towards different alkalis they 
are ideal for this purpose. Alkalis such as hydroxides, 
carbonates and bicarbonates react alkaline with methy! 
orange and the total amount present may be determined 
by using methyl-orange alone. Phenolphthalein on the 
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other hand indicates all hydroxides but only one-half 
the amount of normal carbonates and none of the bicar- 
bonates. The following conditions are possible: 

I. If the alkalinity determined by the use of phenol- 
phthalein (P) should be zero then the alkalinity shown 
by the methyl-orange (M) would be due to bicarbonates 
alone. Example: 0.0— 3.0 

Such a titration indicates all bicarbonates as NaHCO, 
or Ca(HCO,), sodium and calcium bicarbonate respec- 
tively. 

II. If the alkalinity (P) shown by phenolphthaleix: 
should be half the total alkalinity as shown by methyl- 
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IV. If (P) should be greater than one-half (M) 
then the alkalinity would he due to a mixture of hydrox- 
ide and normal carbonate and the quantities would be 
calculated as follows: 

Hydroxide 2P —M 
Carbonate (MI — P)2 
Example: 2.0 — 3.0 
Hydroxides 2 x 2—3=—1 
Carbonates (3 —2)2=—2 

When a water is titrated for alkalinity, the phenol- 
phthalein is added first (two drops) and then the water 
is titrated with standard acid until the red color dis- 
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FIG. 2. ANALYSIS OF SCHUYLKILL RIVER WATER DURING 1920 


orange (M) then the alkalinity would be due to normal 
carbonates alone. Example: 1.5 — 3.0. 

This titration would indicate normal carbonates as 
Na,CO,, soda ash. 

III. If (P) should be less than one-half (M) then 
the titration would indicate a mixture of bicarbonates 
and normal carbonates, and they could be calculated as 
follows: 

Carbonates 2P 
Bicarbonates M — 2P 
Example: 1.5 — 4.0 
Carbonates 15X22 =3.0 
Bicarbonates 4.0 — 3.0 =1.0 


appears. This is the first reading (P). Two drops of 
the methyl-orange are added and titrated until the color 
changes to a pink. 

Phenolphthalein is colorless in acid solution and pink 
in alkaline solution. Methyl-orange is orange in alkaline 
solution and pink or red in acid solution. 


Norman Souurions 


THE METHOD of making up normal solutions can be 
gotten from any textbook on quantitative analysis. It 
will suffice for us to say that a given quantity of normal 
acid will neutralize the same quantity of normal alkali. 
Thus a c.c. of normal hydrochlorie acid will exactly neu- 
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tralize a c.c. of normal caustic soda or any other alkali. 
This is the basis on which our determinations are made. 


TITRATION 
TITRATION in water treating simply means the neu- 
tralization of alkali by standard acid. By knowing the 
amount of acid used and its strength we can easily cal- 
culate the strength of the alkali in question. 


MetTHOp OF ANALYSIS 

IN THIS method 500 ¢.c. of raw water is placed in a 
750 ¢.c. Erlenmeyer flask and 50 e¢.c. of 1/5 normal 
sodium carbonate is added and the whole allowed to 
stand for 5 min. It is then heated to 200 to 210 deg. F. 
in a water bath for 10 min. and cooled to room tem- 
perature. This is filtered, discarding the first 100 c.c. 
because of the absorption of the alkali by the filter 
paper; 110 ¢.c. is then titrated. This represents 1/5 of 
the total, or 100 ¢.c. raw water and 10 cc. N/5 sodium 
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FIG. 3. EFFECT OF TEMPERATURE ON PRECIPITATION OF 
SCALE-FORMING SALTS IN RAW WATER 


carbonate. If 1/25 normal hydrochloric acid is used in 
the titration, the reading is something like this: 

Phenolphthalein Methyl-orange 
c.c. N/25 — HCl 20.0 47.0 

The chemical reactions involved in this process are 
as indicated below. In the case of temporary hardness, 
the sodium of the sodium carbonate exchanges with the 
calcium or magnesium in the calcium or magnesium 
bicarbonates. 

Ca(HCO,), + Na,CO, = 2NaHCO, + CaCO, 
Mg(HCO,), + Na,CO, = 2NaHCO, + MgCO, 

The CaCO,, calcium carbonate, is insoluble and is 
precipitated ; the NaHCO,, sodium bicarbonate is soluble 
and may be ealeulated. It will be noticed that the bicar- 
bonate radical (HCO,) remains unchanged and its deter- 
mination is an indication of the amount of temporary 
hardness present. Therefore, to determine the tem- 
porary hardness we merely calculate the amount of 


bicarbonates present. The permanent hardness, or the. 


normal salts of calcium and magnesium, are precipitated 
by sodium carbonate as normal carbonates. The reac- 
tions are as follows: 
MgSO, +Na,CO, = MgCO, + Na,SO, 
CaSO, +Na,CO, = CaCO, + Na,SO, 
In these reactions the sodium carbonate is consumed 
without giving any alkaline byproduct as in the case 
of temporary hardness. The sodium sulphate Na.SO, 
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is a neutral salt. Therefore, to calculate the permanent 
hardness it is only necessary to calculate the amount of 
Na,CO, consumed to precipitate the CaSO, and MgSQ,. 


TEMPORARY HARDNESS 


ABOVE we showed how the determination of the 
bicarbonate was a measure of the temporary hardness 
in the water. Under the head of indicators, we learned 
that the phenolphthalein was not alkaline to bicarbon- 
ates and in order to calculate the amount present we 
used the following formulas: 

Carbonates 2P 
Taking the titration 
Phenolphthalein Methyl-orange 
40.0 47.0 
The amount of temporary hardness or bicarbonates 
would be 


Bicarbonates M-2P 


470—40=7.0 | 

This means that for every 100 c.c. of raw water there 
is temporary hardness present to the extent of 7.0 c.c. 
in terms of N/25 solution. We now know the exact 
amount and strength of our temporary hardness and it 
is easy to calculate the amount of precipitating agents 
used in the treating plant. From the molecular weights 
of the substances we find that 74 lb. of lime in the form 
of Ca(OH), or 56 lb. in the form of CaO, will precip- 
itate 162 lb. of temporary hardness in the form of 
Ca(HCO,),; if the precipitating agent is caustic soda, 
the amount necessary would be 80 lb. Now in speaking 
in terms of normal solutions, we know that 1 ¢.c. of nor- 
mal NaOH will exactly precipitate 1 ¢.c. of temporary 
hardness expressed in terms of normal solutions whether 
the hardness is in the form of calcium or magnesium 
bicarbonate. Thus in the case mentioned above, it 
would take 7.0 ¢.c. N/25 caustic soda or lime to precip- 
itate the hardness in 100 ¢.c. of water. The amounts of 
chemicals per 10,000 gal. is merely a matter of caleula- 
tion and is given in a table. 


PERMANENT HARDNESS 

IT WAS MENTIONED above, in the precipitation of the 
permanent hardness, the Na,CO, that was used in the 
reaction was entirely consumed and produced a neutral 
salt as a byproduct. - Now if we know the original value 
of the total alkali in the solution, and the value after 
precipitation, the difference would then be the perma- 
nent hardness. In our original solution, we added 
50 ec. N/5 Na,CO, for every 500 c.c. of raw water. 
Therefore the 110 c.c. we titrate represents 100 ¢.c. raw 
water and 10 ¢.c. N/5 Na,CO,. Now if we titrate 10 c.c. 
of N/5 Na,CO, with N/25 hydrochlorie acid, the read- 
ing would be: ; 

P, 25.0; M, 50.0. 

Thus 50 would represent the total content of car- 
bonate that we use with every 100 c.c. of raw water in 
our analysis. Since, after precipitation, we got a value 
of 47.0, the difference 50.0 — 47.0, or 3, would repre- 
sent the amount of permanent hardness present in the 
terms of c.c. of N/25 solution per 100 ¢.c. water. Since 
we know that 3 e.c. of N/25 Na,CO, will exactly precip- 
itate our permanent hardness in 100 c.c. of raw water, 
it is easy to calculate the amount of soda ash necessary 
for any quantity of raw water. 

In the operation of the treating plant, if the tem- 
porary hardness is greater than the permanent, we 
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use both caustic soda and lime as our precipitating 
agents.. Referring to our reactions of temporary hard- 
ness with caustic soda, it should be noticed that sodium 
carbonate Na,CO, is a byproduct thus: Ca(HCO), + 
2NaOH = CaCO, + Na,CO, and in terms of normal 
solutions the Na,CO, produced is exactly the same 
strength as the caustic soda originally used. With this 
in mind in our original case, we have a temporary hard- 
ness of 7.0 and a permanent hardness of 3.0, then there 
will be produced from this reaction 3.0 of Na,CO,, an 
amount sufficient to precipitate the permanent hardness. 
Now we still have 4.0 equivalents of temporary hardness 
to remove, and we add lime to this amount since it does 
not produce an alkaline byproduct. Thus in calculating 
a treatment, the procedure is as follows: 
Temporary 7.0 
Permanent 4.0 (Caustic Soda) 
3.0 (Lime) 

The pounds per 10,000 gal. is gotten by calculation or 
reference to table. 


WHEN TO Use Sopa AsH anp Caustic Sopa 

In THE foregoing we have assumed that the tem- 
porary hardness was always greater than the perma- 
nent. This, however, is only one case. The permanent 
hardness may be equal to or greater than the temporary 
hardness. The following rules are good ones to follow: 

Let T be temporary hardness 
P be permanent hardness 
Then if T is greater than P the treatment will be caustic 
and lime. The caustic will be added to the amount 
of T—P. 

If T is equal to P, then the treatment will be caustic 
only, to the amount of T or P. 

If P is greater than T, the treatment will be caustic 
soda and soda ash. The caustic soda will be introduced 
to the amount of T and the soda ash to the amount of 
P—T. The reasons for the above treatments all depend 
upon the following reaction: 

Ca(HCO,), + 2NaOH = Na,CO, + CaCO, + 2H,O 
Mg(HCO,), + 4NaOH = 2Na,CO, + 2H,O 

In the first case, let us assume that the temporary 
hardness is 7 and the permanent hardness is 3. Now if 
we add caustic to the amount of 3 we produce by the 
above reaction the value of 3 in soda ash and precipitate 
3 of temporary hardness. This is just enough Na,CO, 
to precipitate our permanent hardness. Now we have 
precipitated all our permanent hardness and our tem- 
porary hardness by the amount of 3 and we still have 
left 4 of temporary hardness and this is precipitated by 
lime. In treating 10,000 gal. of raw water, the pro- 
cedure would be as follows: 

ae | 
P 4.(Caustic) 
3 (Lime) 

Referring to the tables we add 20.4 lb. of caustic 
soda and 2.802 lb. of lime (100 per cent). 

In the second case, let us assume that T — P and 
each is four (4). Now if we add 4 of caustic we pre- 
cipitate 4 of temporary hardness and produce an equal 
amount of soda ash, which is just sufficient to precipitate 
the permanent hardness. The 10,000 gal. would be 
treated as follows: 


T 
P 


4 
4 (Caustic 





T—P 


0 


_ This represents 20.4 lb. of caustic. 
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Caustic Soda Conversion Table 34 deg. Be 
NaOH 
10,000 ¢.e. N/25 


e.c. N/25 
Hardness 

1.0 

1.1 

Lz 

3 

1.4 

cS 

1.6 

17 

1.8 

1.9 

2.0 

2.1 

2.2 

2.3 


gal. 
el 
5.6 
6.1 
6.6 
Gl 
bck 
8.2 
8.7 
9.2 
9.7 
10.2 
10.7 
11:2 
11.7 


Hardness 
2.4 
2.5 
2.6 
2.4 
2.8 
2.9 
3.0 
3.1 
3.2 
3.3 
3.4 
3.5 
3.6 
3.7 


NaOH 


10,000 e@.e. N/25 
gal. Hardness 


12.2 
12.8 
13.3 
13.8 
14.3 
14.8 
15.3 
15.8 
16.3 
16.8 
17.3 
17.9 
18.4 
18.9 


3.8 
3.9 
4.0 
4.1 
4.2 
4.3 
4.4 
4.5 
4.6 
4.7 
4.8 
4.9 
5.0 


NaOH 
10,000 
gal. 
19.4 
19.9 
20.4 
20.9 
21.4 
21.9 
22.4 
23.0 
23.5 
24.0 
24.5 
25.0 
25.5 


Soda Ash Conversion Table 95 Per Cent 
Na,CO, 
e.c. N/25 10,000 ec. N/25 


Hardness gal. Hardness 
0.1 0.186 1.6 
0.2 0.372 1 
0.3 0.558 1.8 
0.4 0.744 1.9 
0.5 0.930 2.0 
0.6 1.116 2.1 
07 1.302 2.2 
0.8 1.488 2.3 
0.9 1.674 2.4 
1.0 1.86 2.5 
BI 2.05 2.6 
1:2 2.23 2.7 
1.3 2.42 2.8 
1.4 2.60 2.9 
15 2.79 3.0 

Lime Conversion Table 

e.e. N/25 CaO 

Hardness 10,00 gal. 
0.1 0.093 
0.2 0.187 
0.3 0.280 
0.4 0.374 
0.5 0.467 
0.6 0.560 
0.7 0.654 
0.8 0.747 
0.9 0.841 
1.0 0.934 
A | 1.027 
1.2 1.121 
1.3 1.214 
1.4 1.308 
1.5 1.401 
1.6 1.494 
a Yi 1.588 
1.8 1.681 


Na,CO, 


10,000 ee. N/25 
gal. Hardness 


2.98 
3.16 
3.00 
3.53 
3.12 
3.91 
4.09 
4.28 
4.46 
4.65 
4.84 
5.02 
5:28 
5.39 
5.58 


e.c. N/25 

Hardness 
1.9 
2.0 
2.1 
22 
2.3 
2.4 
2.5 
2.6 
2.7 
2.8 
2.9 
3.0 
3.1 
3.2 
3.3 
3.4 
3.0 


3.1 
3.2 


3.3 


3.4 
3.5 
3.6 
3.7 
3.8 


Na,CO, 
10,000 
gal. 
9.07 
5.95 
6.14 
6.32 
6.51 
6.70 
6.88 
7.07 
7.25 
7.44 
7.63 
7.81 
8.00 
8.18 
8.37 


100 Per Cent CaO 


CaO 


10,000 gal. 


1.775 
1.868 
1.961 
2.055 
2.148 
2.242 
2.335 
2.428 
2.522 
2.615 
2.709 
2.80 
2.89 
2.98 
3.08 
3.17 
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In the third case, let us assume temporary hardness 
(T) to be 3 and permanent hardness P to be 5. Apply- 
ing the above rule, we have 
P 5 
T 3 (Caustic) 
P—T 2 (Soda Ash) 

In this case when we add 3 of caustic, we precipitate 
all our temporary hardness and produce 3 of soda ash 
which will precipitate 3 of our permanent hardness. 
Now we still have 2 of our permanent hardness to be 
precipitated and this is done by adding 2 of soda ash. 
In all of the preceding it must be remembered that we 
are speaking in terms of normal, solutions. 


WATER CONTROL 

From Fig. 1. it is evident that the raw water is 
subject to rapid changes due to rain, thaws and the like. 
For this reason it is advisable to make an analysis of 
the raw water daily; however, the major part of the 
control should be based on the titration of the treated 
water. 

TREATED WATER TESTS 

Ir THE intermittent system is used, each tank should 
be sampled and the water tested as follows: 100 ¢.c. is 
heated to boiling, cooled, and then titrated with N/25 
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SUSPENDED MATTER PIS. PER SILLION 


TIM IN HOURS 
RELATION OF SUSPENDED MATTER TO TIME OF 
SETTLING 


FIG. 4. 


hydrochloric acid, using phenolphthalein and methy]- 
orange as indicators. Under ordinary conditions, this 
reading should be about 1.8 for the phenolphthalein 
reading and 3.0 for the methyl-orange reading. This 
represents 20 per cent hydrates and 80 per cent car- 
bonates. From experience this condition seems to be 
ideal. If the reading shows the presence of bicarbonates 
and sufficient carbonates then we know more lime should 
be -added. The amount is determined from the raw 
water analysis or by experience in knowing the effect 
of the addition of a certain amount of lime or caustic. 
If the readings are higher than the ideal case, we know 
that too much chemical has been used and changes can 
be made accordingly. 
PRECIPITATION TESTS 

THIs TEST is interesting inasmuch as it is indicative 
of the efficiency of the chemical treatment and is per- 
formed as follows: 


POWER PLANT 
460 ENGINEERING 


May 1, 1922 


One hundred ec.c. of treated water with the addition 
of 10 c.c. of N/25 Na,CO, is heated to 200 to 210 deg. F., 
cooled and poured into a 100-c.c. precipitating tube and 
allowed to stand over night. The amount of precipitate 
collected is inversely proportional to the efficiency of 
the plant. This test, coupled with the treated water test 
mentioned above, form excellent methods of control. 
BomLeER WATER TEST 

Tus Is merely a determination of the alkali in the 
boiler water and is carried out by titrating 100 c.c. with 
N/25 hydrochloric acid. The ideal case is to have an 


alkalinity of about 30. 
(To be continued) 


Hydroelectric Developments in 
Australia 


HILE most of Australia is a riverless, lakeless 

\¢ country, there are parts of Tasmania, northern 
Victoria, eastern New South Wales and northern 
Queensland which have mountains and between them 
narrow valleys with swift, steadily flowing rivers which 
are capable of improvement for power and for which 
plans are under way. At Tasmanian Great Lake the 
Government took over a partial development in 1914 
and by 1917 was able to supply to a zine company 
30,000 hp. at about $9.60 a year. The plant of the 
zine company is located at Hobart, the power being 
transmitted at high voltage for it and also for a ear- 
bide works and the lighting and street cars of the city. 
The lake is on a plateau about 62 mi. from Hobart 
and had naturally the flow of the Shannon River. A 


_canal was built to divert the waters of the Ouse River 


also into the lake in 1921 and at the same time a dam 
was built which raised the level of the lake 29 ft. 
above the former, or 40 ft. in all. The Shannon at the 
outlet is carried through high banks 12 mi. to a pool 
and there drops 1100 ft. through iron flumes to the 
power house, where 36,000 hp. of water wheels and 
generators are installed. The plant capacity is to be 
doubled within a year. Of this, 52,000 hp. will be sent 
to Hobart, and 10,000 hp. to Launceston on the other 
side of the island. By connecting Lake Arthur to Great 
Lake, it is estimated that the power can be increased to 
85,000 and later to 100,000 by extension of the drainage 
basin which feeds the lake. ‘ 

There is also an independent hydroelectric plant of 
the Mount Lyell Railway & Mining Co. on the west 
coast of 10,000 hp. and other regions have been sur- 
veyed so that the estimated power on the island is put 
at 200,000. 


Exports or American industrial machinery show an 
increase of something like 170 per cent in value in 1921 
over 1913, according to the Industrial, Machinery Divi- 
sion of the Department of Commerce in a special review 
of the machinery export situation in which statistics for 
the first 11 mo. of 1921 are used to estimate the year’s 
trade. Exports of industrial machinery for the first 11 
mo. of 1921 were valued at $238,007,585 against $92,- 
312,457 for all of 1913. While official figures for the 
calendar year 1921 are not yet available, $250,000,000 
is, in the opinion of the Division, a conservative estimate 
of the total value of the trade during the year which 
has just closed. 
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Season Cracking in Condenser Tubes 


Tue REMOVAL OF INTERNAL STRESS IN CONDENSER 
TUBES FOR THE PREVENTION OF SEASON CRACKING 


HE SPLITTING of condenser tubes while in serv- 
% ice does not occur as frequently as some other 
types of tube failures, but is nevertheless a serious 
matter, and of late has received considerable attention. 
Tube failures of this type are often spoken of as age, 
or season, cracking and are quite similar, at least in the 
results produced, to seam cracks in welded tubes. 

Investigations seem to indicate that season cracking 
is due partly to internal stresses in the metal of the 
tubes which in turn is influenced by the heat treatment 
which the tube receives in process of manufacture. The 
removal of such internal stresses would therefore bring 
about a reduction in the number of season cracks. 

H. Moore and S. Beckinsale, in England, have inves- 
tigated the problem quite thoroughly, and in a discus- 
sion of a paper on the subject which they presented to 
the Institute of Metals, some two years ago, the presi- 
dent suggested that the method of low temperature 





FIG. | 





K 
FIG. 1. SPLIT CONDENSER TUBES AS RECEIVED 
FIG, 2, CONDENSER TUBES IN A STATE OF HIGH INTERNAL 
STRESS, SHOWN AFTER TREATMENT IN MERCUROUS 
NITRATE SOLUTION 


annealing recommended for the removal of internal 
stress in brass, be applied to Admiralty condenser tubes. 

As a consequence of this suggestion an investigation 
was undertaken and the results were read before the 
Institute of Metals on March 9 of this year and subse- 
quently published in Engineering, of London. 

The work involved in this investigation consisted of: 

1. The examination of two split condenser tubes. 

2. The determination of the properties of condenser 
tubes made by different manufacturers. 

3. Experiments on condenser tubes purposely made 
by methods leaving high internal stress. 

4, An investigation of the rate of reduction of 
stress in condenser tube brass during low-temperature 
annealing, 


5. The determination of the effect of heat treatment 
in the range 200 deg. to 325 deg. C. on the properties 


-of brass of condenser tube composition. 


The material used was either actual Admiralty con- 
denser tubes (external diameter 54 in.; thickness of 
wall, 0.048 in.), or brass of Admiralty condenser: tube 
composition (70:29:1). 

The condenser tubes examined are those shown in 
Fig. 1. The tube K had cracked in store, while L had 
cracked in service. Tube K had an irregular longitud- 
inal crack 0.05 in. wide at its widest part. Tube L, 
when it was received, had been cut longitudinally by a 
diametral cut about 90 deg. from the crack. The spring- 
ing apart of the two halves. shown in Fig. 1 indicated 
that longitudinal stress as well as circumferential stress 
had been present. 

A piece of corroded tube cut from each sample was 
immersed in 5 ¢.e. of distilled water for one day. One 
c.c. of Nessler’s solution was then added to each vessel. 
The water extract from K became brown, indicating the 
presence of ammonia, while that from L and a sample 
of distilled water submitted to the same conditions and 
test as a control remained clear and colorless. Repetition 
of this test always gave the same results. 


PROPERTIES OF ADMIRALTY CONDENSER TUBES 


Two SETs OF samples were selected at random from 
eight different makers at an interval of some months. 
Short lengths of each sample tube were immersed for 
five minutes in a 1 per cent mercurous nitrate solution 
after pickling in nitric acid. All were free from cracks 
on removal from the station. One sample developed fine 
longitudinal cracks within 24 hr. None of the other 
pieces cracked during 56 days’ storage in a closed space 
after the mercurous nitrate treatment. Short lengths 
were exposed over an ammonia solution in a closed 
space. Cracks developed in two makes. Pieces of one 
of these two makes were then annealed at 275 deg. C. 
for 1 hr. and submitted to the mercurous nitrate test. 
No cracks developed. 


CONDENSER TUBES IN A HicH STATE OF INTERNAL STRESS 

For THis part of the investigation a certain firm in 
England was asked to supply a quantity of condenser 
tubing in which high internal stresses were purposely 
induced. The tubes were otherwise to comply with the 
Admiralty specification. It was agreed that the tubes 
should satisfy the requirement that they should develop 
open cracks within 20 min. of application of the mer- 
curous nitrate test. 

A number of pieces of this tubing were submitted 
to the mercurous nitrate test and each cracked within 
40 seconds of immersion. The cracks gradually devel- 
oped until they assumed the form shown in Fig. 2; 
microscopic examination showed that they followed the 
boundaries of the crystals. 

Three-inch lengths cut from the tubes were heated 
in a salt bath at various temperatures and for varying 
periods of time. Four pieces were subjected to each 
treatment, and the Brinell hardness was then determined 
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on two and the mercurous nitrate test was applied to the 
other two. In the untreated state, this lot of tubing 
was found to be unusually susceptible to the development 
of cracks of the character of season cracks. This is 
regarded as an indication of the presence of exceptionally 
high stress, which might also be inferred from the form 
assumed after cracking (Fig. 2) and from the gaping 
of longitudinal cuts made in short lengths. 

The tubes were highly susceptible also to the action 
of ammonia present in small concentration. Cracks have 
not developed, however, in conditions in which the pres- 
ence of traces of mereury or ammonia could not be 
established. 

It has been widely believed that season cracking may 
be brought about in brass by the action of stress alone, 
if the stress is sufficiently high and prolonged. This 
view is not supported by the experience of the authors, 
who have suggested elsewhere that for the development 
of season cracks in brass at atmospheric or lower tem- 
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FIG. 3 AND FIG. 4. REDUCTION OF STRESS IN STRIPS OF 

ADMIRALTY CONDENSER TUBE METAL BY TREAT- 
MENT AT 275 DEG. C. 

5 AND FIG. 6. REDUCTION OF STRESS IN STRIPS OF 

ADMIRALTY CONDENSER TUBE METAL BY TREAT- 
MENT AT 300 DEG. C. 


FIG. 


peratures some chemical or similar action on the surface 
is necessary in addition to the presence of stress. The 
behavior of this lot of highly-stressed condenser tube 
during the months in which it has been under observation 
and used in experiments has so far supported the views 
of the authors. 


THE REMOVAL OF STRESS 


IN THE highly-stressed tubes used, treatment at 275 
deg. C. for 2 hr. or at 300 deg. C. for one hour, reduces 
the stress below the limit at which cracks can be pro- 
duced by the action of mercury and has very little 
effect on the hardness of the tubes. A series of similar 
treatments of spun cups made from sheets of Admiralty 
condenser tube composition showed that the liability to 
erack under the action of mercury was removed by a 
treatment at 275 deg. C. for 1 hour. , 
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In addition to the foregoing, a number of experiments 
were carried out with the view of obtaining quantitative 
information on the reduction of initial stress brought 
about by low-temperature annealing under different con- 
ditions of (1) initial hardness, (2) initial stress, (3) 
time, and (4) temperature of annealing. A typieal series 
of results of this experiment are shown graphically in 
Figs. 3 to 6. 


GENERAL CONCLUSIONS 


WHILE ONLY two specimens of cracked tubes were 
examined in these investigations, many others have been 
examined elsewhere, and there is no reason to doubt 
that the splitting of condenser tubes is an example of 
the season cracking of brass. The cracks commonly 
follow an intererystalline path, and the springing apart 
occurring on the formation of a crack indicates the relief 
of initial stress. The tube (k) which had cracked in 
store resembled other specimens of season-cracked brass 
investigated by the authors in having ammonium com- 
pounds present in the corrosion product coating the 
fractures. The freedom of the corrosion product of 
the other tube from ammonium compounds may be due 
to their removal by water while the tube was in service. 

The presence in the condenser cooling water of am- 
monium compounds due to sewage contamination is 
dangerous when the tubes are in a state of internal stress, 
owing to the powerful effect of ammonia and its com- 
pounds in inducing the cracking of stressed brass. This 
emphasizes the wisdom of ensuring that condenser tubes 
are not taken into service in a state of high stress. 

The experimental work reported in the present paper 
has been mainly directed to the subject of the reduction 
of internal stress by low-temperature annealing. The 
results of these experiments may be summarized in the 
following conclusions: 

1. The rate of reduction of stress at the lower tem- 
peratures is fairly rapid during the first part of the 
heat treatment, but becomes slow when the stress has 
been considerably reduced. 

2. As the temperature is raised the rate of reduction 
of stress increases, but shows the characteristic of slowing 
down as the stress falls during the treatment. 

3. The higher the initial stress, the higher is the re- 
maining stress after a given treatment in condenser tube 
brass of the same hardness, although the amount of stress 
removed is greater the higher the initial stress. 

4. The higher the hardness of the brass, the lower 
is the remaining stress after a given treatment and for 
a given initial stress. 

In order to reduce the stress below the limit at which 
mercury treatment causes cracking in the experimental 
tubes in which high initial stress had been purposely 
developed, treatment at 275 deg. C. for 2 hr., or at 
300 deg. C. for 1 hr., was found necessary. There is no 
doubt that in these tubes the initial tension at the sur- 
face was extremely high. It is most improbable that 
such highly stressed tubes would ever be supplied for 
use, and although treatment at 275 deg. C. for 2 hr. may 
be applied without appreciable loss of strength, a shorter 
treatment at this temperature would be sufficient to 
reduce stress to a safe limit in condenser tubes as manu- 
factured. 
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Abating a Smoke Nuisance 


UsE oF WATER-GRATES INCREASES CIRCULATION OF BOILER WATER, REDUCES 


ATTENTION REQUIRED AND ELIMINATES SMOKE. 


ROBABLY there are few engineers who have not 

had a fair share of nostrums or wonderful cure-alls 

offered them to correct the troubles of the power 
house and boiler room. Possibly at the head of these 
stand the various contrivances called ‘‘smoke-con- 
sumers.’’ With the stiffening of the ordinances against 
smoke nuisance in our larger cities, scheme after scheme 
is put forward to consume the obnoxious element, no 
attention being paid to the fact that the only way to 
avoid smoke in objectionable quantities is—not to make 
it in the first place. 

An old established department store in Buffalo, N. Y., 
had attained, a year or two since, an undesired prom- 
inence in the eye of the local smoke inspector. Several 
neighbors were almost equally favored. The frequent 
visits of this official were becoming anything but wel- 
come, although personally he was an agreeable young 
man. He pleasantly, but firmly, insisted that some- 
thing must be done to moderate the rolling black clouds 
that issued from the chimney practically all day. The 
managers would have been only too glad to comply. 
A sooty office and ruined dry-goods are not indispensable 
blessings. 

At about this time the writer, who is consulting 
engineer for the firm, was urged to make a trial of the 
furnace which is the subject of this article. When it 
was suggested, he recalled having inspected a similar 
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FIG. 1. CROSS SECTION OF FURNACE 


installation 5 or 6 yr. before in the boiler house of a 
large institution in South Buffalo, where the combustion 
results were excellent, but the construction of the appa- 
ratus not at all a satisfactory mechanical job. The prin- 
ciple of the contrivance seemed to be correct as far as 
combustion is concerned, even though the mechanical 
details were not by any means well worked out. The 
situation was urgent, and it was finally agreed to make 
a trial of the furnace, provided certain specifications 
‘were observed in the construction. A carefully drawn- 


By R. R. HimuMAn 


up agreement was signed whereby the department store 
agreed to make a trial of the furnace during one win- 
ter’s run under one of its boilers, and if found satis- 
factory it would be accepted and paid for; if not, it 
was to be removed, and the original furnace restored. 
Detailed plans were also to be furnished for approval. 
The two points of insistence were, as far as operation 
was concerned, that it should eliminate the smoke nui- 
sance and that it should not consume any more fuel than 
the old furnace, per day. 


DESCRIPTION OF THE FURNACE 


THE INSTALLATION was very simple. A new front 
was, of course, necessary. Instead of the ordinary hor- 
izontal grate under the boiler, there were provided two 
vertical sets of water-grates, consisting of 19 S-tubes 
of 114-in. pipe (B), rolled into top and nottom headers 


eas 





FIG. 2, SIDE ELEVATION OF FURNACE SHOWING CONNECTION 
OF WATER-GRATES TO BOILER 


made of 5-in. steel pipe (A). These grates are plainly 
shown in position in Fig. 1. In previous installations 
these water-grates had been poorly constructed, and 
gave trouble by leaking. It will be noticed that there 
is a screw plug opposite each tube in each header. This 
enabled the tubes to be thoroughly rolled into the head- 
ers and a hydrostatic pressure of 600 lb. per square inch 
on the completed frame failed to start a leak. 

Two fire-tubes, one on each side of the manhole of 
the boiler, were removed. The front ends of the lower 
headers were connected with the boiler through the two 
forward holes thus made, while the two back ends of 
the upper headers were connected by long pipes to 
the boiler through the two rear holes. The other two 
ends of the upper headers were capped. The other two 
ends of the lower headers were led to two blowoff valves 
outside of the setting, which were independent of the 
regular boiler blowoff. These connections are shown 
in the side elevation, Fig. 2. The space between the 
upper headers and the boiler shell was bricked up, 
while special brick tile, perforated for draft, formed 
the side of the magazine opposite the water-grates. 

The regular shaking grate of the Cyclone Grate Bar 
Co., of Buffalo, was introduced at the bottom of the 
magazine. It will be seen at once that the space between 
the water bars or grates forms a long combustion cham- 
ber under the boiler. The back walls of the magazines 
and the bridgewall form an opening through which the 
burning gases pass and spread themselves beneath the 









rear half of the boiler. A peep-hole is provided in the 
front to allow inspection of this chamber. The whole 
contrivance is so simple that the accompanying figures 
make its construction very clear. The boiler is of the 
ordinary return tubular type, 6 ft. in diameter by 16 
ft. long. It has 86 fire-tubes (84 under the present 
scheme) and is rated at 125 hp. The working pressure 
is supposed to be 125 lb., but the pops are set at a trifle 
over 100 lb. 


OPERATION OF THE FURNACE 

ONE OF the principal obstacles against which this new 
outfit had to struggle is poor draft. The chimney of 
this plant, although recently built, has never been ade- 
quate in height, which was one of the factors in the 
production of heavy smoke. There are a number of 
reasons why it is not practicable at present to add mate- 
rially to the height of the stack. It was found neces- 
sary to run at all times with the damper wide open, 
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FIG. 3. FRONT OF BOILERS EQUIPPED WITH WATER-GRATE 
FURNACES 


and the gage shows a general draft of 0.2 in., only 
reaching from 0.25 to 0.3 in. under the most favorable 
snappy weather conditions. Without doubt, under the 
influence of a proper draft, better results would have 
been attained even than those which follow. 

After a month or six weeks, the smoke inspector 
ceased to call. Frequent observations during the win- 
ter’s run failed to show a smoke density greater than 
No. 2 of the Ringlemann scale, that is, dark, 40 per cent 
black, and that amount only for 2 or 3 min. when the 
fire was being sliced. During far the greater portion 
of the time only a thin white smoke film issues from 
the chimney. This is a logical sequence of the method 
of firing. The magazines being full of coal, and an 
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incandescent bed lying on the grate at the bottom of 
the mass, the gases are distilled rapidly from tHe coal 
above, and burn through the water-grates and back 
through the combustion chamber. The action is some- 
what similar in principle to that of the mechanical 
stoker in this respect. In the present case, there is 
not a heavy demand for steam—only a steady one—so 
that the fire is seldom sliced. Undoubtedly the smoke 
nuisance had been abated. 

The steam charts showed a very steady pressure. A 
moment’s study will show that there is little or no 
inrush of cold air during stoking. The magazine is kept 
full and when being replenished there is little draft to 
induce a rush of air on the comparatively small area of 
exposed boiler surface. A reasonable attention to the 
side draft doors (which allow a current through the 
perforated tile, D, of the magazine) to the ashpit doors 
(bottom draft) and to the center-pin door (checking 
draft), secures a very regular combustion, while a brief 
slicing will make the boiler pick up at once. 

During the first winter’s run a saving of just about 
10 T. a month was effected over the old installation. 
With the second year half over, this saving has been 
completely verified by a number of comparative runs, 
when it has been advisable for one reason or another to 
change off boilers for a short time. It seems evident 
that this saving is the result of greatly improved circu- 
lation, which the new arrangement induces. In the 
ordinary return tubular boiler such circulation as exists 
is probably in the cross plane—that is, up the sides 
of the circular shell. At best, a constant turmoil must 
be going on, with cross currents and counter currents. 
It is established beyond doubt that in the apparatus 
under diseussion a rapid circulation from front to back 
is set up. This is proved by the polished condition of 
the water tubes inside, and also by another incident 
which will be mentioned later. If this reasoning is cor- 
rect, our moderate-priced old friend of the small plant 
—the return tubular boiler—is likely to be with us for 
quite a spell yet, with the help of this, or a similar 
auxiliary. 


TROUBLES AND ALTERATIONS 


THE COMPANY which furnished and installed this 
patented apparatus made the connection to the boiler 
head-plate with an elbow and nipple, using a lock-nut 
and copper gasket on the latter, both on the inside and 
outside of the plate. It seemed impossible to make the 
joints at these points absolutely tight—probably owing 
to expansion movement in the water-grates. After the 
first winter’s run, this ell and nipple were removed, 
and a large tee and nipple substituted, the latter being 
rolled into the head-plate and peened over inside. The 
opposite opening of the tee, through which the rolling 
was done, was stopped with a heavy brass plug. A 
swing joint of ells was also put in at the rear end of 
the long pipes leading to the rear connections. All leak- 
ing troubles ceased. 

When the boiler was down recently, to be washed 
out, two bright spots appeared at the rear inside con- 
nections when the front manhole was removed and the 
spot-light thrown in. They proved to be the inside 
surfaces of the brass plugs, which had been polished like 
a mirror by the circulation of the boiler. At this time 
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there was found a little annular ring or heap of scale 
around the boiler blowoff—21 1b., weighed wet. That 
was the entire collection after a 3-mo, run. 

It will be noticed that the charging doors are much 
higher than in the usual boiler front. It was contended 
that the fireman would kick. The writer took the oppo- 
site view and believed that this opportunity to straighten 
the back would be welcomed. It is only necessary to 
listen to the grumbles when he has to stoop and rabble 
the old style fire to know which is the easier job; also, 
which is the cooler job. 

While these results have been attained, it must be 
remembered that the steam requirement of this plant is 
not excessive. Although experience shows that the fur- 
nace responds almost instantly to the regulating devices, 
it has never had to be really forced to do its maximum. 

The power equipment consists at present of one com- 
pound duplex steam pump, 12 by 18 by 814 by 12, for the 
hydraulic system, one vertical 9 by 9 engine which 
drives the cash-blower, one small boiler feed pump 6 by 
4 by 6, and the make-up of live steam for house heating, 
which varies from 2 to 6 lb., depending on the weather. 
Two direct driven steam-electrical generating units are 


Utilizing Waste Heat and 


EsTIMATING QUANTITY OF WASTE GASES 


N ORDER to show the relative proportion of the 
energy in the shape of heat or power required for the 
manufacture of steel that is utilized from the fuel 

by-products of the manufacturing process, the following 

figures have been prepared showing the quantity of heat 
derived from the by-products of the manufacture of pig 
iron. 

In the production of one ton of pig iron, from under 
1800 to over 3000 lb. of coke are used, this variation 
being due to difference in metallic content of the charge, 
condition of the furnace lining, quality of coke, etc. 
The heat energy of this coke is utilized in the reduction 
of the ore to pig iron and changing the impurities to a 
slag; a part is lost in radiation, and approximately half 
is delivered at the top of the furnace in the shape of gas 
for use under boilers for the production of steam, or in 
gas engines for the production of power. The gas has 
also been used in soaking pits, in by-product oven heat- 
ing, ladle drying, ete., and other uses have been proposed, 
but by far the greatest quantity has been used under 
boilers. 

It has been only within the last few years that blast- 
furnace gas has been considered to have any material 
value. In the past there has been no recognized method 
of determining whether or not a blast-furnace plant has 
been guilty of wasteful practice, or if guilty, what the 
extent of this waste might be, and it is the intention of 
this paper to propose a standard method of comparison 
of total combustion efficiency both with the idea of de- 
termining, for any particular plant, the relative effi- 
ciency, from day to day or month to month, as well as 
for the comparison of one blast-furnace plant with an- 
other, for the information of the management and the 
engineers in determining the necessity for improvement 
in equipment or personnel. 


POWER PLANT 
ENGINEERING 465 





May Be EXperEcTEeD FROM THESE GASES IN STEAM GENERATION. 


not at present in use. The store buys its light in winter 
and its power and light in summer. An average of 
90 lb. pressure is carried from 7 a. m. to 6 p. m., and 
is allowed to drop to about 30 lb. during the night. It 
has not been demonstrated just how large a load tie 
boiler would carry with very active firing. Under the 
present load, the magazines do not require to be ‘‘lined 
up’’ oftener than once every 2 or 3 hr. 

The average coal burned per day of 24 hr., taking 
the actual figures of over one and a half years, is 
1.574 T. This is an excellent result. 

No regular evaporation tests have been made at the 
plant. The main object has been to abate the smoke 
nuisance, and the fuel saving followed as a consequence 
of the improved circulation and better combustion. It is 
not the purpose of this article to discuss the finer points 
of evaporation. This boiler furnishes the required 
amount of steam with much less fuel than formerly, and 
with no overloading. It would be perfectly practical 


to enlarge the water-grates and thus obtain more heating 
surface if it became desirable to steam harder, but the 
present outfit is quite sufficient for the work which it 
has to do. 









Gas for Power Generation 


IN PropUCcTION OF Pia IRON AND WHAT 


By F. G. Currier 








Heat AVAILABLE FROM THE BuAst FURNACE 


IN PROPOSING this standard comparison, reference is 
made to Fig. 1, which is taken from Mr. Brassert’s paper 
on Modern Blast Furnace Methods, published in the 
year book of the American Iron and Steel Institute in 
1914. This.chart shows the effect of variation in coke 
rate upon the heat value of blast furnace gas at 62 deg. F. 
As blast furnace gas leaves the top of the furnace it 
usually has a temperature of from under 300 to over 
600 deg. F., generally averaging about 400 deg. F. 

At this latter temperature, the sensible heat of the 
gas is equivalent to about 8 B.t.u. per eubie foot of gas 
at 62 deg. The B.t.u. per eubiec foot of blast-furnace 
gas according to Brassert is 62.5 + 0.016R, where R = 
pound of dry coke per ton of pig iron; and including 
sensible heat of the gas at 400 deg. F., would be equal 
to 70.5 + 0.016R. The cubic feet of gas per ton of pig 
iron (as shown by Brassert) is equal to 71.4R, so that in 
the top gas from a furnace at 400 deg. F’. the B.t.u. per 
ton of iron is 1.142R? + 5033.7R. Brassert also gives 
the cubic feet of air per pound of coke equal to 51.4R, 
so that both gas production and the blast requirement 
bear a direct ratio to the coke consumption of the furnace 
per ton of iron. The figures given in Mr. Brassert’s 
paper, so far as the author has been able to discover, are 
applicable to all blast furnaces using coke as fuel. 


Heat REQUIRED FOR THE STOVES 

THp BLAST is heated in stoves under pressure, and 
the heat required per cubic foot of blast is proportional 
to the rise in blast temperature in the stove, and inversely 
proportional to the efficiency of the stove, which is usu- 
ally considered to average 60 per cent. After the neces- 
sary gas is used to heat the blast, the remainder can be 
measured in the shape of power. Any increase in stove 
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or boiler efficiency or reduction in leakage of gas, etc., is 
reflected in increased surplus power, and as we are 
largely interested in the surplus power, after the blast 
furnace requirements are satisfied, any error in the 
assumptions relative to the efficiency of the stoves is of 
minor importance, particularly as the stoves use the 
smaller fraction of the total. The blast supplied from 
the blowing engines is heated by compression to about 
150 deg. F., varying somewhat with blast pressure, etc., 
and is usually heated in the stoves to from 1150 to 1350 
deg. F. In the following calculations it has been assumed 
that 0.02 B.t.u. are required per cubic foot of blast per 
deg. F., that the blast is heated in the stoves to 1250 
deg. F., that the average overall stove efficiency (i.e., 
ratio of heat given to the blast to the heat in the gas) is 
60 per cent and that 55 cu. ft. of blast are heated per 
pound of coke charged. 

The heat required in the gas for heating the blast 
for one ton of pig iron to a temperature of 1250 deg. F. 
can therefore be expressed by the following formula 
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EFFECT OF COKE RATE ON PRODUCTION OF BLAST 
FURNACE GAS 


FIG. 1. 


where H = B.t.u. per lb. of coke burned in the blast 
furnace. 
(1250 —150) x 0.02 x 55R 


= 2020R 





H = 
0.60 
The heat in gas per ton product after the blast is heated 
is therefore, 1.142R? + 3013.7R. For other top tempera- 
tures and blast temperatures the constants will change 
slightly. 


Heat ReQuIRED FoR GAs-FIRED BoILErs 
IN ORDER not to enter into the discussion of the 
relative merits of steam vs. gas engine, surplus uncooled 
gas, after the stoves are heated, will be assumed to be 
used under boilers. In one boiler horsepower-hour there 
are 33,305 B.t.u., and assuming that the ‘‘standard’’ 
efficiency of blast-furnace-gas-fired boilers is 66.6 per 
33,305 
cent, in one boiler horsepower-hour = 
0.666 


50,000 
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B.t.u. would be required in the gas, so that the boiler 
Surplus B.t.u. per ton iron 
hp.-hr. per ton would be . AS 
50,000 B.t.u. 

the blast furnace product is usually expressed in tons 
per day the average boiler horsepower per hour gen- 
erated from blast furnace gas under the above conditions 
can be expressed by the formula: 

Average boiler horsepower per hour per ton of pig 
iron per day 





1.142R? + 3013.7R 





50,000 24 

In assuming the standard efficiency of 66.6 per cent 
for boilers and 60 per cent for stoves, it should not be 
understood that these aré the maximum efficiencies that 
ean be attained, but rather that they are taken as a 
standard of comparison and represent average practice 
that can be maintained in a fairly modern plant which 
is correctly designed, and which is operated by reason- 
ably intelligent men. 

Using the above, Fig. 2 has been prepared. This 
chart also shows the per cent of top gas required for 
heating the blast to an average of 1250 deg. F. with 
the stoves of 60 per cent total efficiency. This chart 
ean be used by the blast furnace superintendent or engi- 
neer to determine the horsepower that should have been 
generated from gas for any period. .From the actual 
results as shown by a meter on the boiler feed line, after 
deducting an allowance for steam generated by coal 
firing (usually small) or for gas used by gas engines, 
it will be possible to determine whether the total effi- 
ciency, including stoves and boilers, is above or below 
the standard. 

The following table shows the boiler horsepower-hours 
per ton of pig iron for several coke rates as calculated 
from the above formula. 


. Boiler Boiler 
Pounds of Coke Horsepower-Hours Horsepower-Hours 
per Ton per Ton Product per Ton per Day 
2000 211 8.8 
2200 242 10.1 
2400 276 11.5 
2600 310 12.9 
2800 348 14.5 
3000 386 16.1 


To furnish the blast to the furnace with either high- 
pressure condensing, turbo-blowers or reciprocating 
steam engines requires about 70 boiler hp.-hr. per ton 
of coke burned in the blast furnaces, and to operate the 
various furnace auxiliaries, such as pumps, air com- 
pressors, steam bells, mud guns, hoists, ete., requires 
from 15 to 25 boiler hp. per ton of product, so that after 
the furnace requirements have been met, there is avail- 
able for the generation of power from 100 to 250 boiler 
hp.-hr. per ton of pig iron, depending on the coke 
burned in the furnace. 

At 2 kw. per boiler hp.-hr. this means that from 200 
to 500 kw.-hr. per ton of pig iron is possible with steam 
equipment from the surplus gas from the blast furnaces. 


HEAT REQUIRED FOR MANUFACTURE OF STEEL FROM 
Pia Iron 


THE MANUFACTURE of steel from pig iron in the open 
hearth requires heat for melting scrap and fluxing the 
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impurities, and power for the various operations inci- 
dent to this process. The quantities of heat and power 
required vary materially with different plants on account 
of difference in equipment, practice, ete., but for the 
purpose of this paper it will be assumed that a ton of 
ingots requires one ton of pig iron plus enough scrap to 
offset the losses and this work requires from 5,000,000 to 
9,000,000 B.t.u. and an expenditure of from 20 to 30 
kw.-hr. per ton. This ton of ingots will make about 0.85 
ton of blooms, and the heating in soaking pits will re- 
quire from 1,500,000 to 3,500,000 B.t.u. per ton of steel 
depending upon the temperature of the steel arriving at 
the pits, rate of operation, etc., and the rolling of the 
ingots into blooms will require from 40 to 60 kw.-hr. 
per ton. From the blooming or slabbing mill the mate- 
rial, usually reheated at an expenditure of from 2,500,- 
000 to 6,000,000 B.t.u. per ton, is furnished to finishing 
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FIG. 2, EFFECT OF COKE ON PRODUCTION OF POWER FROM 
SURPLUS BLAST FURNACE GAS 


mills, the power required, depending on the reduction of 
section, temperature of rolling, etc., varying from 35 to 
over 300 kw.-hr. per ton. 


HEAT BALANCE 


THE FOLLOWING table gives an example of the 
approximate heat balance of one ton of pig iron as used 
in the steel plant, using average figures, and based on an 
average coke consumption in the blast furnace of 2500 
lb. of coke per ton of product. 


NEcEssity OF Heat CONSERVATION 


From this table it will be seen that the total heat 
from the by-products of a ton of pig iron is more than 
sufficient to finish the average ton of steel, but upon 
inspection of the table it will be found that the heating 
requirements have not been met from tar and by-product 
gas, while the average power requirements are more than 
met from blast-furnace gas and coke breeze. 
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HEAT BALANCE FOR MANUFACTURE OF ONE TON OF PIG IRON 


From the coke plant delivering one ton of coke there results the 
following fuel by-products for consumption in the steel plant after the 
heat and power requirements of the by-product plant have been met: 
12 gal. tar at 162,500 B.t.u. per gal., B.t.u....... 1, 0 
30 Ib. of coke breeze at 12,000 B.t.u. per Ib., 














SR A PN Pe Tr eer re rere 360,000 
10,000 cu. ft. gas at 500 B.t.u. per cu. ft. (net 
NE MPs. 5 eck 5 Oh aa alee wakes as GhRawEEee 5,000,000 
Total per net ton Cokes. ..cescscccesoves 7,310,000 
Heat available per ton pig iron 
B.t.u. B.t.u. 
In tar from. DF-preduct Plant... .ccccecrcccccsas 2,435,000 
In coke breeze from by-product plant........... 450,000 
Ee PURINE, go cinco ccpesnscccasccesceciaaecuces 6,250,000 
Surplus from by-product plant.......... 9,135,000 
ee ee errr : cd 19,635,000 
Required for blast heating . 5,000,000 
Required for blowing equipment ................ 4,400,000 
Required for blast furnace operation............ 1,000,000 
Required for total blast furnaces....... 10,400,000 
Surplus from blast furnace plant............... 9,235,000 
Total heat energy from by-products............ 18,370,000 
Heat required for steel plant 
Open hearth (pig iron to ingots) 
I, in tis nn 6 Uis Vakeee oceans aeelwess 7,000,000 
Power, 2 kw. at 25,000 B.t.u. per kw.-hr......... 625,000 
Total heat consumption................. 7,625,000 
Roughing Mill 
SNE ROUND sew cvicsconssavevevecereeussivess 2,000,000 
Pe os Leb ececnedksbed chaewebecursees 1,250,000 
|) ERAT SOA PR nT Pee ee eae eee ee 3,250,000 
Finishing Mill 
Pe INNER Nel aae cekcecosccee cbacenacaeous 4,000,000 
SG DUP PHN es occ kecwccbneceticceescesadiees 2,500,000 
Se eer reer ere 6,500,000 
Total heating requirements...........ccccccescess 13,000,000 
Total power requirements. ... 00, .ccssccccesceccs 4,375,000 
OORT obbac bec ccdncnns ceed cedisesse erteens 17,375,000 


One of the most important problems of the steel plant 
manager and engineer is so to regulate the production 
and consumption of the various fuels occurring as a 
by-product of steel-plant manufacture that the con- 
sumption of raw coal in producers or under boilers 
that would otherwise be sent to the by-product plant is a 
minimum, for the reason that the by-product from the 
eoal, coked in the by-product plant, usually exceed any 
possible return as fuel.—Abstract of paper appearing in 
Mechanical Engineering to be presented at the spring 
meeting of the A. S. M. E. at Atlanta, May 8 to 11. 





A THOROUGH survey of the fusibility of coal ash from 
various coals of the United States has been completed 
by the Bureau of Mines and the data tabulated for pub- 
lication as a bureau bulletin. The method for fusibility 
of coal ash as developed by the bureau has been adopted 
as a tentative standard method by the American Society 
for Testing Materials. An alternate rapid method 
known as the micro-meldometer method has been pro- 
posed. The bureau has assembled the equipment for 
this alternate method and in co-operation with a num- 
ber of other laboratories a series of tests comparing 
the two methods is being made. In co-operation with 
the fuel section of the bureau, it is proposed to investi- 
gate the relation of laboratory fusibility tests to clinker 
formation in burning coal under actual operating con- 
ditions. 





PLANS ARE being prepared by a committee from vari- 
ous government departments for a standardized method 
of purchasing and testing coal for Government use. In 
view of the chaotic condition of coal purchasing since 
1917, such a method, if in form to be applied also by 
private purchasers, should go far to enable an engineer 
to know what he is getting for fuel and to insure that 
he will get what he pays for. 
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The Record Combustion Engine 


Witn Twin CyiinpErs AND Common ° 
COMBUSTION ENGINE. By J. H. BLAKEY 


T THE RECENT Shipping, Engineering and 
Machinery Exhibition held in London, England, 
the Record Engineering Co. showed a petroleum 

motor of a new type, having twin cylinders communi- 
cating at their upper end by a common combustion 
chamber. In these cylinders move two pistons mounted 
on a third, which acts in the upper part of the engine 
casting as an air pump. The illustration shows a sec- 
tion of the motor, which works on the two-cycle prin- 
ciple. The two motor pistons B are mounted on the 
third A, of large diameter. This is in one piece with 
the plunger C, which moves in a cylindrical guide, and 
is fitted with piston rings. The common combustion 
chamber is at F. openings H are for admission 
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' VERTICAL SECTION OF RECORD ENGINE 


and G those for escape. This arrangement is for the 
cleaning out of the cylinders after each stroke. 
Pistons being in the position shown in the figure, 
the charge is ignited. In the downward movement the 
gaseous mixture beneath the piston A is compressed in 
the space below it and in the passages J and H. When 
the Pistons B approach their lower limit, the escape 
openings G are opened first, to allow the escape of the 
burnt gas. Soon after, the openings H are uncovered 
and the charge compressed under the piston A is intro- 
dueed into the cylinders by way of the combustion 
chamber F. At the moment the pistons begin to rise 
the admission valve E is lifted, putting the enclosed 
space of the engine casting into communication with the 
carburetor by the passage L and the opening K, so 
that the space below A is filled, during the up stroke, 
with combustible mixture to be compressed during the 
next down stroke. When these engines are built with 
a larger number of pistons the arrangement of the 
parts is somewhat different but the principle is the 
same. They work with gasoline, petroleum or gas, and 
are built in sizes up to 250 horsepower. 
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Municipal Diesel Engine Plant 


NOVEL SIGNAL USED FOR WorN-Ovut Oi IN OIL 
ENGINE PLANT AT PEETz, Coto. By W. L. HOLDEN 


N THIS plant are two units, one a 25-hp. Fairbanks 
| Morse engine belted to a 15-kv.a., General Electric 
3-phase generator at 440 v., and also driving a pump; 
the other a three cylinder Anderson 60-hp. engine direct 
connected to a 48-kv.a., General Electric generator at 
2300 v. This unit also drives a pump through a 220-v. 
motor. 

Eighteen months ago, when I first came to the plant, 
the Anderson unit was just being completed, and the 
Fairbanks Morse unit was badly overloaded. It was 
operated single-phase by a boy who had been in charge 
for 2 yr. and the outfit was going to pieces. The council 
asked me to do the best that I could with it until the 
larger unit could be started, and that in the winter they 
would get an expert to overhaul the older outfit. 

This did not suit my ideas, so I took off the air port 
plate and found 8-penny nails used for cotter keys. 
the nuts being so loose that I took them off with my 
fingers. Taking out two shims on each side, I tightened 
the nuts as much as could safely be done with a 36-in. 
wrench, put in a new air port valve, cleaned out the 
carbon, put in three new rings, connected up to run 
3-phase and stepped up to 2300 v. 

I burned up the cheap, thin oil that had been used 
and got some real oil that would not break down under 
heat. That unit has since been running as smooth as 
one could wish and is carrying all the day load. 

The Anderson unit is used for the peak load and 
for emergencies, but is handicapped by the fact that it is 
too large for the work. The peak never runs over 23 
kv.a. about 92/5 amp., at 2300 v., which is too small 
for a 60-hp. engine. It is using under these conditions 
about 3 gal. of fuel oil per hour and about 1% gal. of 
lubricating oil. Under normal loads, the small unit uses 
about 1 gal of fuel oil per hour and 1 gal. of lubricat- 
ing oil in 24 hr. The entire cost of operation of the 
plant for the month of December was $338. 

This cost would have been considerably higher but 
for the fact that we are using a thorough filtering sys- 
tem for the lubricating oil which I invented and have 
patented. By this means we can use the oil over re- 
peatedly until it is wornout or burned up. 

The method adopted to keep track of the condition 
of the oil was to connect a 10-w., 110-v. lamp with one 
terminal connected to the line, the other to the engine 
frame. The other lead from the line was connected to 
a brush, bearing on the crank shaft. As long as the 
oil was in good condition, the lamp would not light; 
but when it was time to change oil, the lamp would 
flicker and flash. It was then time to dump the lubri- 
eating oil into the fuel tank and burn it for fuel. I am 
now using graphite grease in the grease cups, so the 
method will not work, as the lamp stays lighted all the 
time. 

With the method of filtering and testing used, the 
bill for lubricating oil was reduced from $80 a month 


to $30. 


WHEN SOMETHING good can be seen in the worst, 
life becomes brighter. 
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article the difference between the wave winding 

and the lap winding, we will now show the method 
of calculation involved in layout of such types as the 
simplex, duplex, triplex and quadruplex windings. 

Figure 7 shows the method of connecting the coils 
to the commutator for lap and wave windings, in which 
M equals the number of independent windings on one 
armature. Each one will be taken up and discussed in 
the order named above. 

In making winding calculations for an armature, 
there are certain rules and formulas which are made use 
of. The most important of the formulas is the electro- 
motive force equation. 

ZSFP 


HH ntiae EXPLAINED in the first part of this 


a 
10° * 60 & C 
in which E = the total voltage 
Z=the total number of conductors in the 
armature 
S = the number of revolutions per minute 
F = the number of lines of force or flux per 
field pole which is usually about 40,000 
lines per sq. in. 
P = the number of field poles 
C =the number of armature circuits 
10° = the lines of force that will produce one volt 
when cut by one conductor in one 
second.. 

In laying out armature winding, the following 
nomenclature will be found convenient for a lap wound 
armature: 

y b= back pitch in terms of inductors. 

y f= front pitch in terms of inductors. 

s = the number of inductors or coil sides. 
k =a constant to be selected. 

le =long chord. 

s ¢ = short chord. 

m = number of windings. 

m=1 for a simplex winding. 

m= 2 for a duplex winding. 

m= 3 for a triplex winding. 

m= 4 for a quadruplex winding. 

m=6 for a sextuplex winding. 

y k = commutator pitch. 

nk=the number of commutator bars. 

ne=the number of circuits through the armature. 

ns =the number of slots in the armature. 
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MetHops or CALCULATION AND Derairs REGARDING COoN- 
STRUCTION AND METHOD OFf INSULATING. 
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By Marin PHILLIPS 


y b must always be a whole odd number. 
y f must always be a whole odd number. 
s must always be a whole even number. 


y k= nm. 
nk=s- 2. 

Ss 
yb=—x+k. 

p 
yf=—yb+2 Xm. 
ne—pxXm. 


Each single coil contains two inductors as shown in 
Fig. 8a, but on some machines there are more commu- 
tator bars than slots. We will use for an example an 
armature with twice as many commutator bars as slots. 


Methoa OfCo:l Connections ToCommutator for Different lypes Of Lap Windi ngs 
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FIG. 7, METHOD OF COIL CONNECTIONS TO COMMUTATOR 
FOR DIFFERENT TYPES OF LAP WINDINGS 


In this case we would use two coils in each slot, then s 
would equal four as shown in Fig. 8b. They may be 
put in the slots separately or taped together and the 
four leads brought out with a different color or sleev- 
ing, so they may be easily distinguished. When con- 
necting them to the commutator, or an armature with 
three times as many commutator bars as slots, we would 
use three coils in each slot, Fig. 8c. It does not matter 
how many turns of wire each coil has; that is, a single 
coil with one turn would have two inductors, and if it 
had 10 turns it would still have two inductors. It is 
very important not to get the term ‘‘inductor,’’ which 
we will use in our calculations, confused with the turns 
of wire in the coil. Again, we might pick up a coil, as 
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shown in Fig. 8d and state off-hand, that the number of 
inductors equals four, the same as Fig. 8b, which is not 
the case. 


SELECTING WIRE SIZE 


ON AN armature that has to carry a heavy current, 
a wire has to be selected large enough for the coils to 
carry the current safely without overheating. Suppose 
an armature is selected that would require a No. 10 wire 
for the coils. This would make the coil very stiff and 
hard to handle so to see what we can substitute for the 
No. 10 wire we refer to a table of equivalents of wire 
sizes. We find that two No. 13 wires are equal to one 
No. 10, and a coil made of two No. 13 wires in parallel 
is much easier to handle and to get in the slots than 
if it is made of one No. 10. We would then have a coil 
such as is shown in Fig. 8d in which the number of 
inductors would be two. Again, the wire selected for a 
given armature might be so large that it would be better 
to make the coils out of three small wires in parallel 
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Fig. 8. TYPES OF ARMATURE COILS AND DIAGRAMMATIC 
DATA IN REGARD TO ‘‘PITCH’’ 


as in Fig. 8¢e in which the number of inductors still 
equals two. 


ACTUAL CALCULATIONS 

Now LET us proceed to figure out and connect up the 
winding as shown in Fig. 5. We will assume that it is 
a 5-hp. 4-pole, 1200-r.p.m., 240-v. machine. The first 
thing to do is to see how many conductors will be re- 
quired for the armature. By referring to formula No. 2, 
and substituting known values, we find that 

100,000,000 « 60 « 4 * 240 


Z= = 1200 conductors. 





1200 * 1,000,000 « 4 
This assumes 1,000,000 lines of force per pole. 

Since there are two conductors for each turn, we 
will require 600 turns for the complete armature, and 
24 coils divided into 600 will equal 25 turns per coil. 
The full load current of a 5-hp., 240-v. motor is about 
20 amp.; but as this armature is lap wound and has 
four parallel circuits, the wire for the coils need be 
only of large enough capacity to carry one-fourth of 
the armature current, which will be 5 amp. By con- 
sulting a table of carrying capacity of wires, it will 
be found that a No. 16 or 17 wire will be large enough. 

The next step will be to find the throw of the coils, 
which is the number of slots spanned. When the coil 
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spans the exact distance between the centers of adjacent 
field poles, it is called a full pitch winding; that is, for 
a 24-slot armature the coils should lie in slots one and 
six, see Fig. 8h. In cases where a coil has less than full 
pitch, it is called a fractional pitch or short chord wind- 
ing. The fractional pitch windings have two very great 
advantages to their credit. First, they span one or two 
slots less than a full pitch winding, and by referring 
to Fig. 8i, it is evident that a great saving in copper 
ean be made by using a fractional pitch winding. 
Second, the currents in the neutral zone partly flow in 
opposite directions, which tends to reduce armature 
reaction. It must be remembered that the coils cannot 
be chorded enough to bring both sides of the coil under 
the same pole. Under this condition the induced 
E. M. F.’s will oppose each other, therefore making the 
coil ineffective. The poles usually cover about 60 per 
cent of the armature circumference and by referring to 
Fig. 8h it is shown that if the coil was chorded to slots 
one and four it would bring both sides of the coil under 
one pole. Whether an armature is wound full or 
fractional pitch depends on the design of the armature 
and no changes should be attempted without first con- 
sulting the manufacturer of the armature. When the 
coil is chorded, more turns have to be added in order to 
generate the required voltage. 

To find the coil throw for Fig. 5 the following 

S 
formula is used: yb =— + K. As the armature has 
P 
24 coils and each coil has two inductors, S will equal 
48, P equal 4 and K is a value to be chosen. By sub- 
48 
stituting, we find yb = — + K = 12 + K and asyb 
4 
must be a whole odd number we may substitute one for 
48 
K which would make yb = — +1=—12—1—=1l or 
4 ° 
12 + 1 = 13. There are two numbers to choose from, 
13 for long chord or 11 for short chord ; but before choos- 
ing 11 or 13, a set of slots should be marked as shown 
in Fig. 9 and two inductors placed in each slot. Number 
the top ones with an even number and the bottom ones 
with an odd number, as shown. Now suppose 13 is 
selected for y b, then from inductor No. 1, which is in slot 
No. 1, the addition of 13 will advance to inductor No. 14, 
which is in slot No. 7, making it one slot over full pitch, 
which is undesirable. By taking 11, it advances from 
inductor No. 1 to No. 12, which is in slot No. 6, making 
it a full pitch coil. Figure 9 will be of assistance in 
selecting the constant K. From the foregoing it is 
obvious that the first thing to do when laying out a 
winding, if the coil pitch is not known, is to mark a 
set of slots, add the inductors, and divide the number 
of inductors by the number of poles, and select a num- 
ber for K that will make yb an odd whole number. 
It can then be decided whether long or short chord is 
desired. 

After yb is obtained, it is used for obtaining y f 
according to the following formula: yf—=yb+2m. 
As this is a simplex winding m = 1; then yf = 11 + 2 
X1 = 13 or 9, again giving us two numbers to choose 
from. If y f selected is greater than y b, a retrogressive 
winding will be obtained, or a winding that laps back 
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and proceeds around the armature in a counter-clockwise 
direction. If yb selected is greater than yf, a pro- 
gressive winding, or a winding that advances around the 
armature in a clockwise direction, will be obtained, as 
in Fig. 5(April 15th assue), where 11 was selected for 
y band 9 for y f. Figure 8 shows the difference between 
yb and yf. 

When yb and yf have been found, the winding 
step (Fig. 5a) should be drawn before attempting to 
make any connections to the commutator. The writer 
has seen windings designed that did not come out right, 
and the mistake did not show up until the last coil was 
to be connected to the commutator. To construct the 
winding step, draw a commutator bar and call it No. 1. 
Next, draw a line to inductor No. 1 and add yb to 
it, which will advance to inductor No. 12, then back to 
commutator bar No. 12, then subtract y f, which is 9, 
from inductor No. 12 which will lap back to inductor 
No. 3, and so on until all the inductors have been drawn. 
If the winding is done correctly it will close on itself 
at commutator bar No. 1. 

Perhaps a little explanation on the winding step 
after inductor No. 39 is reached will make it more easily 
understood. When inductor 39 is reached by adding 
yb it will advance to inductor No. 50, but the arma- 
ture has only 48 inductors, so by subtracting 48 from 50, 
inductor No. 2 is obtained. 


Maxine Coins 


Now THAT the coil throw has been obtained, the 
coils may be made, which is a simple job if one of the 
old coils was saved to measure by, if not, measurements 
will have to be taken of the armature, but for a trial 
only make two coils and put them in slot one and six 
and see if they fit, that is with the necessary insulation 
in the slots, taking care not to have the coils too long, 
as they might rub on the end frame when the armature 
is rotating, and again, if the coil is too long it will come 
too close to the back of commutator. 

It was found in the calculations that No. 16 or 17 
wire will be large enough for the coils as it is always 
desirable to have the coil fit snug in the slots so as not 
to have the coil vibrating or moving in the slot when 
the armature is rotating. Suppose the two trial coils 
were made out of No. 17 wire and that the coils fit loose 
in the slots; it would then be advisable to make two 
more coils out of No..16 wire and try them in the slots, 
and if they go in without very much forcing they will be 
the ones to use. The 24 coils can then be made up out 
of No. 16 wire. , 


METHODS OF INSULATING 


THERE ARE two general types of armature slots known 
as the open slot, Fig. 9a, and the partly closed slot, 
Mig. 9b. If the armature in question has open slots 
and the repair shop is not equipped with a coil making 
machine, it is best practice to order the coils from the 
manufacturer. If the slots are partly closed, the coil 
cannot be placed in the slot all at once, and such coils 
can easily be made up on forms which can be made in 
any shop. When the coils are made, the armature core 
at the ends of the slot and the back of commutator must 
be well insulated with fish paper and linen tape. The 
core must be built up until it is a little bit higher than 
the bottom of the slot, so that when the coils are drawn 


POWER PLANT 
ENGINEERING 471 








taut with the band wire, they will not rest on the corner 
of the slot, as would be the case if the ends of the coils 
are drawn down farther than the center. 

Before starting to insulate the armature, each slot 
should be inspected to see if it is smooth and free from 
projecting laminations, which will cut through the in- 
sulation. All such slots must be filed smooth. If the 
armature has been burned out, it is not uncommon to 
find badly burnt slots with small pieces of copper welded 
in the iron. Such obstructions must be closely watched 
for to prevent giving trouble when the armature is com- 
pleted. It is always good practice to test the commu- 
tator for grounds and short circuits between bars, before 
placing the coils on the armature. 

The slots may be insulated by placing a fish paper 
cell 0.016 in. thick next to the iron, having inside of it 
an empire cloth cell 0.008 in. thick. Both cells should 
be an inch longer than the slots, so as to protect the 
wire from the iron at the corner of the coils and should 
be wide enough to reach up to the opening of the slot, as 
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FIG. 9, DETAILS OF ARMATURE SLOTS AND METHODS OF 
INSULATING 


shown in Fig. 9c. Inside of this empire cloth cell place 
another fish paper cell 0.008 thick, and have it wide 
enough to extend above the top of the slot about 114 in., 
to protect the insulation of the wire while it is being 
inserted in the slot. Between the bottom and top coil 
place a strip of press board 0.032 in. thick eut wide 
enough to fit taut in the slot. This will be sufficient 
insulation up to 500 v. for partly closed slots. If the 
slots are open, the coils are taped and treated before 
being put in the slots and will therefore not require 
much slot insulation. A fish paper cell 0.011 in. or 
0.012 in. thick in the slot to protect the insulation on 
the coil will be sufficient. By placing the fish paper ceil 
next to the coil and rubbing the coil with powdered 
soapstone or paraffin wax (powdered soapstone is best) 
the coil will stand quite a bit of forcing without wrink- 
ling the cell. 

The cells may now be placed in the slots, but only 
place one side of the first five coils in the slot, as the 
bottoms of some other coils go in first. When the bot- 
tom of the fifth coil has been put in the slot, then the 
top of the sixth coil will go in on top of it as shown in 
Fig. 9d. Then the insulating cells may be cut off flush 
with the top of slot and folded down on the coil, and the 
slab wedge put in place as shown in Figs. 9a and 9b. 
A strip of empire cloth wide enough to reach from the 
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edge of slot to the ends of the coils, is placed between 
the bottom and top layer of coils to insulate them where 
they cross. When the coils are all put in the slots, the 
coil leads are separated; that is, the start of all the coils 
are all put in the bottom of commutator slots, and the 
finish of all the coils are raised up so a strip of insulat- 
ing material can be placed between the bottom and top 
leads. Facing the coil end where the leads are brought 
out, the lead on the left side of the coil will be called 
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the start of the coil, and the one on the right, the finish. 
The top row of leads may now be connected to the com- 
mutator, taking care to have the finish lead connected 
one bar to the right of the starting lead all the way 
around the commutator. Then the leads may be soldered 
to the commutator, which should be about 2 or 3 in. 
lower than the other end of the armature, to help pre- 
vent the solder from running down the back of com- 
mutator and causing short ¢ircuits. 


Indicating the Total Power from Several Stations 


A System or Loap INDICATION WHICH GIVES DISPATCHER ALL 


NECESSARY INFORMATION AT A 


N PRACTICALLY all central station companies oper- 
| ating two or more generating plants to feed a com- 
mon load, the division of load between the generating 
stations and substations is determined by a load dis- 
patcher at some convenient central point. The usual 
method for ascertaining at the load dispatcher’s office 





110 Volt. DC 









































é - | (Bo 
No. 4) 
Y =< 
ta 
mn ei 


CONNECTIONS FOR A TOTALIZING LOAD INDICATING 
SYSTEM 


FIG. 1. 


the loads on the generating stations involves the use of 
telephone equipment, generally with direct lines to each 
station and substation. The personal error involved in 
telephoning is, however, sometimes considerable, caus- 
ing confusion in the power systems. It is convenient 
for the load dispatcher to have continuously before him 
some indication of the load on each of the stations, as 
well as the total load on the system. A system of load 
indication which will give the dispatcher all the neces- 
sary information at a glance has accordingly been 
developed. 

It is important that such a system should involve 
the minimum number of wires between the stations and 
the load dispatcher’s office. The system proposed oper- 
ates with only two pilot wires. To permit the use of 
ordinary telephone cables without interrupting the tele- 
phone service or overloading the wires, a current limit 
of 0.1 amp. and a voltage limit of 100 v. has been estab- 
lished. With these limits, it is possible to maintain 
private wires through the telephone company cables and 
transmit the various totalizing indications from the sev- 
eral stations to the load dispatcher’s office without inter- 
ruption. By suitable adjustments, the same pair of 








By H. P. SPARKES 


pilot wires can be made to carry the load indication, 
a 60 or 25-cycle wave for frequency indication, and a 
telephone conversation, simultaneously. 

As the resistance of a telephone wire is high and 
is not constant, the only practical scheme of load indi- 
cation over a telephone cable is a null method in which 
the current is normally zero. The scheme proposed is 
based on the potentiometer principle, in which the volt- 
ages from two instruments are balanced against each 
other, so that no current flows as long as a balance is 
maintained. The potentiometer must be automatically 
adjusted, so that when a change is produced at the 
sending end of the pilot wire, the resulting unbalance 
will affect the equipment at the receiving end in such 
a way as to raise or lower the voltage at this point 
until a balance is again established. 


GLANCE. 














DISPATCHERS’ POTENTIOMETER RELAY 


FIG. 3. 


A load transmitting system operating on the poten 
tiometer scheme is shown diagrammatically in Fig. 1. 
This diagram covers a system which includes one power 
station generating both 25 and 60-cycle power, the two 
frequencies to be indicated separately at the load dis- 
patcher’s office, two other generating stations operating 
at 60 cycles and a substation whose load is to be indi- 
cated at the dispatcher’s office but not included as an 
additional item in the total, since it draws all its power 
from the three generating stations. This involves five 
separate load indicators in the dispatcher’s office, as 
well as a sixth indicator showing the total power. 
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This potentiometer indicating scheme may be divided 
for purposes of analyses into four separate divisions: 

1. A means for impressing a voltage on a pair of 
pilot wires which is exactly proportional to the load 
at the generating station. This device consists of a 
totalizing graphic wattmeter, equipped with a special 
balancing resistor. 

2. A means at the dispatcher’s office for automati- 
cally balancing the voltage which is impressed on the 
pilot wires by a device whose position at the point of 
halance accurately corresponds to the load at the cor- 
responding generating station. This device is known 
as the relay potentiometer. 

3. A means for producing a visual indication corre- 
sponding to the position of the relay potentiometer. This 
consists of a voltmeter placed in the position which is 
most convenient for the load dispatcher, calibrated in 
kilowatts. 

4. An additional voltmeter, calibrated in kilowatts, 
indicating the total power in the whole system. 


TOTALIZING GRAPHIC WATTMETER 


THE INSTRUMENT used to send out the impulses over 
the pilot wires from the power station must be made 
to totalize the power in the station without complicated 
or delicate adjustments, making it unnecessary for the 
operator to give it any special attention. It is composed 
of a group of wattmeter elements, one for each gen- 
erator, similar to the well-known Kelvin balance. These 
halanees are mounted on a slate panel, one above the 
other, and the moving elements are mechanically con- 
nected by means of a fine ligament passing from one 
element to the other. As the indication of the watt- 
meter is obtained by the torque of the instrument cali- 
brated against a standard spring, the total torque of 
the various elements may be calibrated against the stand- 
ard spring. Due, however, to the multiplicity of bal- 
*,nces and detailed mechanical arrangement, it is impos- 
sible to make these balances directly actuate a pointer; 
therefore the torque of these balances is relayed to a 
different device, which in turn actuates the pen and 
contact mechanism. The lowering element of this instru- 
ment carries a contact finger which by making contact 
with one or the other of two stationary fingers, auto- 
matically causes a small motor to operate in either direc- 
tion. This motor drives a worm screw provided with 
a nut which passes back and forth, as the worm rotates, 
carrying the pen mechanism for making a permanent 
record on the time chart. This pen mechanism has in 
addition a cam follower which controls the tension on a 
spring connected to the lower moving element. As all 
the elements are mechanically connected to a ligament, 
any action on the lower element will have the same 
action on all the elements of the instrument. 

The pen mechanism is interconnected with a sliding 
contact which passes over a uniform resistance through 
which a constant current is flowing, as shown in Fig. 1. 
This impresses a voltage on the two pilot wires which 
is proportional to the position of the pen mechanism 
and hence is proportional to the total load on the station. 

The totalizing graphic instrument has six elements, 
making it possible to meter six separate generators, 
whether they are of the same voltage and in synchronism 
or not. In connection with this instrument a small 

ammeter and an adjustable slide resistance are required 


POWER PLANT 
ENGINEERING 473 





to maintain a constant current through the slide resistor 
for slight changes in the battery voltage, or to take 
eare of the period when the battery is charging. 


RELAY POTENTIOMETER 


THE RELAY potentiometer which, at the load dis- 
patcher’s office automatically balances against the volt- 
age impressed on the pilot wires by the totalizing graphic 
instruments, is similar to the multi-cireuit instrument 
located in the power station, except that it has only 
one Kelvin balance in place of several. From Fig. 1 
it is seen that a positive pilot wire is connected from 
the sliding contact on the totalizing meter in the power 
station through the moving element of each respective 
relay potentiometer, to the sliding contact on the bal- 
ancing resistance of the relay; while the negative pilot 
wire is connected to the similar end of the balancing 
resistance in the totalizing meter and in the relay poten- 
tiometer. The moving coils of the relay potentiometer 
are located in the magnetic field supplied from sta- 
tionary coils, energized by a local storage battery. <A 


constant voltage is impressed upon the balancing resist- 
ance of the relays by means of voltage regulator M, 
Control 
Source. 
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FIG. 4, CONNECTIONS FOR THE POTENTIOMETER RELAY 


Control—ll0 Volts 60 Cycle 












































which maintains this voltage constant. This regulator 
is composed of a Kelvin balance with stationary and 
moving coils, its balance being adjusted so that when ~ 
a current either higher or lower than the balance is 
set for passes through the moving coils, they will close 
a set of contacts similar to the motor control contacts 
on the totalizing instrument, and cause the small motor 
to drive the sliding contact in the proper direction 
across the three point rheostat, which is connected across 
the storage battery located in the load dispatcher’s office. 
It will be readily seen that this system will maintain 
a constant voltage across the first slide rheostat of the 
various potentiometers, 

The two balancing relay resistances in each circuit, 
together with the pilot wires, form a potentiometer 
whose characteristics are such that no current will flow 
in the pilot wires as long as the sliding contacts occupy 
homologous positions. Any difference in position of 
the two sliding contacts will, however, cause current to 
flow through the pilot wires and hence through the mov- 
ing coil of the relay. In order to obtain a clear under- 
standing of this action, assume that the totalizing meter 
in station No. 1 has a certain reading and that the 
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corresponding relay No. 1 stands at zero. The differ- 
ence in potential between the positive point of the total- 
izing graphic meter and the positive point of the relay 
will cause current to flow through the moving coil of 
the relay which will close the motor contacts. This will 
automatically shift the contact and pointer in the proper 
direction to restore a condition of balance. When the 
current flowing through the pilot wires is restored to 
zero the motor contacts will open, leaving the two instru- 
ments indicating the same value of power. 


INDICATING INSTRUMENTS 


IN ADDITION to the balancing resistance, each relay 
is equipped with a second slide resistor through which 
a constant current is passed. The sliding contact of 
this second slide resistor is mechanically connected to 
the sliding contact of the first slide resistor so that 
the two moving contacts operate in synchronism, thus 
producing a variable voltage between the moving con- 
tact and the stationary contact extension. Lead wires 
are connected to the moving contact in order to extend 
the connection to the indicating voltmeters, which are 
calibrated in actual load values as transmitted by the 
totalizing graphic instrument located in the power 
station. 

The dispatcher’s indicating instruments are standard 
3-in. direct-current voltmeters with scales calibrated to 
indicate the power according to the voltage impressed 
on the instrument. These instruments are located over 
the load dispatcher’s operating desk, so that the dis- 
patcher is able to determine the load on any individual 
station or on the entire system. The sixth meter in 
this group is a totalizing meter, operated by connecting 
the moving contact of the auxiliary slide resistor of 
each potentiometer to the stationary contact of the aux- 
iliary slide resistor of the potentiometer adjacent to it. 
Instrument No. 3 in Fig. 1 is not connected into this 
system as this instrument indicates the load on a sub- 
station. Thus the total voltage impressed across the 
totalizing voltmeter is in proportion to the total load 
of the system and as a result this instrument indicates 
the total power supplied by the entire system of power 
stations—The Electrical Journal. 


A New Form of Temperature 
Regulator 


Novet Form or THeErMostat CONSISTS OF A 
DovUBLE-WALL Tusr THROUGH WuicH MEpIUM 
CONTROLLED CIRCULATES. By CLEMENT WELLS 


HE importance of heat control in industrial 
| erates is widely recognized. New applications 
and new forms of apparatus to meet them are con- 
tinually arising. The field divides itself roughly into 
high and low temperature applications, the former 
taking care of work such as heat treating metal proc- 
esses, ete., and the latter the control of liquid or gaseous 
cooling and heating mediums, water, steam and gas. 
Within this field a new design of thermostat has been 
brought out, whith promises special applicability for 
certain conditions. 
At present tubular thermostats are used similar to 
the bulb of a distance thermometer. This tubular ther- 
mostat is commonly inserted in the heater, tank or recep- 
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tacle, the temperature of which is controlied. Fre- 
quently, however, it happens that there is no room for 
the thermostat in this location and it is necessary to 
insert it in an outside pipe or a special chamber. This 
has certain obvious disadvantages. For instance, it 
involves extra expense in installation and the pipe or 
chamber tends to form a pocket, hindering the flow of 
the liquid which in turn may result in irregularity of 
control. 

A consideration of the problem involved and the 
existing methods has suggested the use of pipe ther- 
mostats as illustrated. Thermostats of this kind consist 
of a two-wall pipe, the expansion medium, whether a 
sensitive oil or a volatile fluid such as ether, being 
located between the two walls. In this construction, 
not only is the controlled liquid allowed a free passage, 
but_the sensitiveness of the regulator can he greatly 
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increased. This latter point will be appreciated if one 
takes into account that an ordinary thermostat tube or 
bulb has a certain definite proportion of heat inter 
changing surface for a given content of the expansion 
medium it contains, but as it is feasible to extend con- 
siderably the length of a pipe thermostat and its two 
walls can be so close together as to take between them 
little more than a film of liquid or a layer of gas, the 
ratio of heat interchanging surface to volume of ex- 
pansion medium is indefinitely increased. This results 
in a nearly instantaneous heat interchange and reaction. 
The lengthening of the pipe thermostat involves no par- 
ticular constructional difficulties, as it can be coiled, 
bent or otherwise deformed and, in fact, may form a 
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part of the regular conduit used to convey the medium 
controlled. 

Many applications suggest themselves. For instance, 
a Sims heater can be equipped with a pipe thermostat 
simply by substituting it for the exit pipe. Another 
application is in connection with the temperature 
control of the cooling water systems of air compressors 
and of gas and oil engines. The pipe thermestat takes 
the place of the discharge pipe and occupies practically 
the same space as the pipe now used. With gas-fired 
boilers, the pipe thermostat would be placed im the 
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return circulation pipe and control the gas supply 
direct. The construction of the thermostat in the form 
of an open pipe instead of a closed tube has other ad- 
vantages, where the temperature of corrosive gas or 
liquids is controlled, as the inner wall can be of some 
acid-resisting material and the use of internal joints and 
solder entirely avoided. 

Without impairing the useful field of the tubular 
thermostat for ordinary tank control, ete., the pipe 
thermostat appears to offer decided advantages in 
numerous applications. 


Draining the Heating System 


SPECIAL Piping EMPLOYED IN PLANTS IN SERVICE DAYTIMES ONLY; 
PRECAUTIONS IN THAWING FROZEN Pipe Lines. By H. A. JAHNKE 


N MANY steam and manufacturing plants there is 
| no night watchman nor fireman to keep up steam dur- 
ing the night for the heating system and in some of 
these plants the heating system is in use only during 
the day while the steam is shut off nights after shutting 
down time, and turned on again the next morning. 

Where this system exists and the piping layout is not 
so arranged as to drain thoroughly at night after the 
steam is shut off, there will be no end of trouble with 
frozen pipes the next morning. 

In such a plant some years ago, I had much trouble 
at first with frozen pipes until I rebuilt the piping 
layout and made changes where necessary so that each 
pipe line and heating apparatus would drain thoroughly 
of all condensation after the steam was shut off at night, 
also making it nearly impossible for any steam or con- 
densation to leak into the pipes during the night should 
any of the valves leak or not be closed tight. 

The plant consisted of one boiler and Corliss engine, 
two feed pumps, ete. Exhaust steam was used for heat- 
ing the factory; frequently the plant would shut down 
when live steam was used. The exhaust pipe from the 
engine passed through one of the engine room walls in 
the factory, as shown in Fig. 1. Frequently the main ex- 
haust pipe between the engine room wall and first branch 
for feeding one of the coils in the factory was frozen. 
After this happened a few times, I placed the drain 
pipe and valve B. After this valve A was closed and 
drain valve B opened, there was no further trouble 
with the pipe freezing. When live steam is used, valve 
E is closed. 

Some readers may be under the impression that the 
valve A and drain valve B were an unnecessary expense, 
but to show that it was money well spent I relate the 
following: A short time before the valve A and drain 
valve B were installed, the engine throttle leaked badly 
by not being closed tight, causing a little steam to leak 
by, just enough so it reached the first coil on the exhaust 
line in the factory where the steam condensed quickly, 
freezing up part of the coils and the pipes C and D up 
to where it goes into the engine room. Next morning 
it took much time and loss of production before the pipe 
was thawed out and a number of pipes and fittings that 
were broken replaced. 

One night while live steam was used in the heating 
System the helper did not close the live steam valve F 
tight. The results wére the same as when the engine 
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throttle leaked; steam and condensation leaked into the 
pipes and froze. 


DRAINING THE RADIATOR AT NIGHT 
THERE WERE a number of radiators in the plant and 
office. One morning I was told that some of the radi- 
ators in the office were not operating. After examining 
them I found that they were frozen, due to the con- 
densation remaining in them over night. After discon- 
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FIG. 2. RADIATOR CONNECTION 
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FIG. 6. METHOD OF DRAINING PIPE THROUGH FACTORY YARD 


necting the radiator trap I found that this had remained 
in a closed position due to the fact that the expanding 


member was worn out, hence would not open. Placing 
a new expanding member in the trap cured this trouble. 
Type of expanding member is shown in Fig. 3. 

After that I tried to find a way to make sure that 
all radiators were drained at night, regardless of 
whether the radiator traps were open or not, due to 











being out of order for some reason. After some think- 
ing I hit upon the idea of placing a 14 by % by %-in. 
tee between the radiators and traps, then placing a short 
nipple in the 14-in. outlet next a 14-in. globe valve and 
connecting the outlet from the valve into the return 
pipe as shown in Fig. 2 at A. I then gave orders to 
one of the employes that shortly before quitting time 
he must open all the 14-in. valves of each radiator in 
the plant and office; thus I was sure that there would 
remain no condensation in any of the radiators during 
the night, as, should any of the traps be closed, the 
radiators would drain through the 1-in. outlet. 
CLEARING PIPE OF CONDENSATION 

THERE WERE two or three coils in some of the rooms 
in the factory. During mild weather, one or more of 
the coils were shut off and frequently the employes for- 
got to open the valves on the coils again at night when 
the condensation in the pipe between the valve and 
feeder pipe would freeze, hence there would be trouble 
the next morning with having not sufficient heat in the 
room until the pipe was thawed out and perhaps replac- 
ing broken pipes and fittings. I placed a 114 by 114 by 
14-in. tee in the vertical pipe as close as was possible to 
the valve as shown in Fig. 4 at A, then connected: a trap 
to the 14-in. outlet of the tee as shown. The outlet from 
the trap was connected into the return pipe. In this 
way the pipe was always clear of condensation regard- 
less of whether the coil was in use or not, also whether 
the steam valve was open or closed at night. 


Pocket IN STEAM Line Causep Mucu TROUBLE 


To sHow that much trouble and expense may be 
caused where a pocket is formed in a steam line in some 
part of a heating system which is in use only during 
the daytime, I relate the following. One morning after 
I had the plant in operation for a short time and all 
seemed to be in good order, I was notified that in a cer- 
tain part of the building there was no steam in the coils 
and radiators. At first I thought there was not suffi- 
cient pressure in the system to carry the steam to that 
part of the factory where there was no steam, but when 
examining the back pressure gage on the heater I noticed 
that there was sufficient pressure to carry the steam to 
any part of the factory, so decided that the trouble was 
somewhere else. 

When looking for the cause I found that some of 
the men had thrown a pile of lumber on a long section 
of 2-in. pipe that fed a number of heating coils and 
radiators. This lumber sagged the pipe to such an extent 
that a pocket was formed. Of course the pipe did not 
freeze during the day when there was pressure in the 
system which kept most of the condensation that col- 
lected in the pocket moving; but at night when the steam 
was shut off, what condensation remained in the pocket 
froze. Before it was noticed, much more of the pipe 
line had frozen, due to the fact that the condensation 
could not pass through and of course as it collected it 
froze in the line. It took much time and labor to get 
this part of the system in working order again. After 
this experience J tacked up a notice near the pipe line 
that no lumber or any other material must be thrown on 
any of the pipe lines under penalty of being discharged. 
This had the- desired results, as I had no further trouble 
with frozen pipes due to a pocket being formed by some 
material being thrown on them. 
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In a heating system that is in use only during the 
day and there is danger of the pipes freezing, great care 
must be taken when installing the system that no pockets 
are formed in any of the pipe lines; also that no pockets 
are formed after the system is in service, due to the fact 
that some pipe support or hanger lets go, causing a pipe 
to sag, forming a pocket. Where the heating system is 
in service continuously night and day there is no danger 
of the pipes freezing from this cause, but the system 
will not operate satisfactorily and there will be more or 
less noise. 

POCKET IN THE RETURN PIPE 

ONE OF the return pipes from the steam coils and 
radiators from one part of the factory was arranged as 
shown in Fig. 5. At first when taking charge of the 
plant I often had trouble with the vertical pipe freezing 
at the point A at the elbow. After this occurred a few 
times I decided to find what caused this trouble when 
I found that there was a pocket at the elbow and union 
and at times when the returns contained much con- 
densation some of it would remain in this pocket when 
the steam was shut off at night and freeze, and the next 
morning no condensation could pass through. As the 
pipe was ice cold, more of the incoming condensation 
would freeze before it was noticed that the pipe was 
frozen. All that was necessary was to shorten the ver- 
tical pipe between the two elbows so as to give the 
lower pipe more pitch which removed the pocket at 
point A. 

BLOWING THE Pipe CLEAR OF CONDENSATION 

IN ANOTHER plant where live steam for heating was 
furnished to a building during the day only, the build- 
ing was located some distance from the power plant and 
the 2-in. pipe ran through the factory yard. To clear 
the pipe of all condensation, it was thoroughly blown 
out each night just before shutting off the steam on 
the line, which was done in the following way: The 
steam was shut off on the line in the boiler room, then 
immediately after the drain valve A in Fig. 6 at the 
other end of the line was opened wide, when all steam 
and condensation was blown out of the pipe. All went 
well until one night the valve in the.boiler room was 
not closed tight or it started to leak badly, causing nearly 
the entire pipe line out of doors to freeze. This occurred 
a number of times until someone thought of arranging 
the pipe as follows: A tee was placed next to the valve 
near the main steam header in the boiler room as shown 
at B in Fig. 6. Another valve was placed on the other 
end of the tee and a drain valve in the center outlet 
of the tee. Thereafter the twin valves on the line were 
closed and the drain valve A on the other end opened, 
also the drain valve C between the two valves in thie 
boiler room opened. 

In this way it was impossible for any steam or con- 
densation to get into the pipe line out of doors, as, 
should any steam leak by the valve next to the steam 
header, the condensate runs out through the drain pipe 
between the two valves while the other valve prevents 
any steam from entering the pipe line should the main 
valve leak badly. After this there was no further 
trouble with a frozen pipe. 

THAWING OvuT FRozEN PipPe LINES 

THERE IS a wrong and right way in thawing out 

frozen steam and water pipes. Some men when about 
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to thaw out pipes start at any point that may be most 
convenient without realizing that ice has much expand- 
ing power when heat is applied to it. For this reason 
it is always best to start near an outlet of the pipe line 
or apparatus. In this way there is not as much danger 
of eracked pipes and fittings as where there is no open- 
ing for the melting ice and water to run out of when 
heat is applied to the pipe. 

If possible, disconnect some union or flange or any 
other fitting which may be located near the point where 
the pipe is frozen. Frequently I have cut pipes that 
were frozen and no fitting anywhere that could be dis- 
connected to get an opening: I have found that this 
is much cheaper; less labor and time is wasted than 
where an attempt is made to thaw out the pipe without 
an opening near the frozen point with the result that 
perhaps a number of pipes and fittings are cracked 
which must be replaced, whereas if the pipe is cut to 
provide an opening with the possibility of having no 
cracked pipes, all that is necessary is to disconnect two 
joints as the case may be, then shorten one of the pipes 
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sufficiently and thread both ends of the pipes so that 
they can be connected together again with a union or 
flange. 

At the above-mentioned plant there were about 500 
to 600 ft. of 214-in. pipe which were located out of doors 
and furnished steam from the power plant to a nearby 
building for heating purposes. One morning I was told 
that there was no steam at the distant building. In 
looking for the trouble I found that the entire pipe that 
was located out of doors was frozen, due to the fact that 
the valve at the power plant on this line had not been 
closed tight the night before, hence a little steam leaked 
by with the above stated results. As I had no way of 
applying heat to the pipe in the position it was, I quickly 
had the entire pipe line, length by length, disconnected 
from the building to the power plant, then taken to the 
boiler room one length at a time, then applying steam 
to the length of pipe with a steam hose, starting 
at one end of the pipe. In this way all the pipes were 
thawed out in a short time and there was not a broken 
pipe or fitting. 


Lubrication of the Uniflow Engine’ 


UnIFLOW ENGINE PRESENTS LUBRICATING PROB- 


HE SAME GENERAL principles which are applic- 

able to bearings and slides of other types of equip- 
ment hold for the uniflow and in a discussion of 

this subject should be given complete consideration. 

Where units are placed so that air circulation is 
bad and atmospheric temperatures above normal, an 
oil must be selected which has a viscosity at test tem- 
peratures proportionally higher than would normally 
be used, so that at working temperatures the lubricant 
will maintain the same viscosity and fluid friction as 
would be proper under normal conditions. 

Generally speaking, the larger the clearances per 
unit of diameter beyond the practical minimum, the more 
viscous must be the lubricant required for the main- 
tenance of an unbroken oil film. 

With perfect lubrication where only fluid friction 
exists, the bearing parts do not touch the journals or 
slides, being completely separated by the oil film. In 
this ease the frictional losses are directly due to the 
internal friction of the lubricant and are entirely inde- 
pendent of the bearing metal and its finish. With solid 
friction, the loss is greatly dependent upon the smooth- 
ness and metal composition of the surfaces. As con- 
tingencies may arise which bring the bearings under the 
laws of semi-lubrication or even solid friction, a high 
finish and the proper selection of the metals is highly 
desirable, 

In considering the practice of applying the lubri- 
eant and particularly in the case of oils which are 
returned to the bearings, it should be borne in mind that 
when there is no contamination with lighter blending 
liquids, the lubricant increases in viscosity with use. 
The oil in any system should be renewed when it becomes 
evident through increased frictional temperatures that 
it is becoming unfit for use on account of — vis- 
cosity or a gradual breaking down. 


bene of an article appearing in Lubrication, which is pub- 
lished by the Texas Company. 


LEMS UNCOMMON TO THE COUNTERFLOW TYPE 





In bearing design, pressures are of first consideration. 
At equal speeds for the same bearing metals and identi- 
cal surface conditions, the greater the pressure per unit 
of area, the heavier the oil must be successfully to resist 
being squeezed from the bearing. For strictly fluid 
friction, which of course we seek to attain, under ordi- 
nary pressures the frictional resistance is practically 
independent of the pressure between the surfaces. 
Heavier pressures require more viscous oils, and fluid 
friction increases with viscosity. 

The question of speed is most important in dis- 
cussing the selection of the bearing lubricant. The 
higher the speed of the bearing, the higher the pressure 
which will be built up in the oil film and consequent 
resistance to breaking of the film. This increased pres- 
sure is due to the pumping action aided by the adhe- 
siveness of the lubricant to the bearing surfaces. This 
means that as speeds increase oils of less viscosity can 
be used and still have no metallic contact. Lubricants 
should be introduced into the bearings at the point of 
minimum bearing pressure. 

Friction losses vary greatly with the method of appli- 
cation. Stream lubrication with positive feed, adequate 
oil supply, and efficient oil purification, in which it is 
possible to keep the system free from leaks and other 
major losses, are recommended above all other methods. 
If all these features are not present the system, gen- 
erally speaking, will show some loss of effectiveness in 
its lubrication. With satisfactory stream lubrication, 
the main advantages to be expected are: Longer life 
of bearings due to small or no solid friction, possibility 
of using oil of lowest viscosity, increased life of. oil 
through decreased abuse and lower oil temperatures, 
decreased vibration thereby lessening depreciation, and 
a saving in the labor of attention. Individual systems 
are satisfactory if the oil supply is copious and a means 
of continually cleaning the oil is provided. Ring oiling 
is definite enough, but lacks the oil cleaning feature. 















The prime virtue of the splash system lies in its sim- 
plicity, but the fact that the supply is not positive 
and the lubricant unpurified is claimed to detract from 
its value. Hand feed and drip cups require heavier 
oils, also maximum labor of attention. They make the 
oil supply uncertain, are wasteful of oil and lack the 
advantages gained where a copious oil supply would 
carry away the frictional heat of the bearings. 


SELECTION OF ENGINE OIL 


SPECIFIC RECOMMENDATIONS to cover the whole field 
of uniflow engines obviously cannot be made; but in 
general it can be said that the first consideration is 
that the oil must be well refined and of the proper 
viscosity. For hand and drip feeds, oils of 300 to 500 
see. Saybolt viscosity at 100 deg. F. are found satis- 
factory. For steam lubrication, oils having a viscosity 
of 150 to 200 see. Saybolt at 100 deg. F. should serve 
well. The oil should be particularly free from emul- 
sifying tendencies if the presence of water in the oil is 
a possibility. Specifications of flash point and fire point 
are absolutely worthless in measuring lubricating value. 
Pour test specifications are very rarely of value in this 
service as the oils are seldom exposed to very low tem- 
peratures. Gravity may indicate to a slight degree the 
ability of the oil to separate from water but when con- 
sidering this action the emulsion test results are more 
important by far than the gravity indication. 

For other methods of application, the selection of 
the proper lubricant will be dependent upon the vary- 
ing conditions of design and operation but the specifica- 
tions will lie between the extremes named in the above 
paragraph. 


THe UNIFLOW VALVES AND CYLINDERS 


IN ANALYZING uniflow engine cylinder lubrication 
there are factors which deserve our attention as being 
uncommon and generally non-existent in the counterflow. 
These factors involve length of cylinder, weight of pis- 
ton, steam conditions, piston clearances and bearing 
pressures, steam jacketing, oil distribution, results of 
excessive consumption, rod and packing lubrication. 
The eylinders of uniflow engines are longer than those 
of the counterflow of the same stroke. This is due to 
the fact that the piston is only shorter than the stroke 
by the amount of travel necessary to uncover the exhaust 
ports at the end of the stroke. The unusual length of 
the cylinder gives increased areas wiped by the piston, 
thus demanding an oil that spreads consistently and 
well. This also results in increased oil consumption 
over that of the counterflow of equal bore and stroke, 
operating under identical steam conditions. 

The increased length of the piston as described in 
the preceding paragraph brings attention to its increased 
weight, which is considerable in spite of designs to make 
it a minimum. The usual uniflow piston incorporates 
from four to six piston rings. Ordinarily, in the smaller 
sizes, the piston rides on the cylinder walls, which design 
gives a bearing pressure of 4 to 6 lb. per sq. in. of 
projected area. This, of course, does not produce a 
difficult condition to lubricate. If, however, a contin- 
gency should arise whereby the weight of the piston 
is carried on the rings, the pressure between the rings 
and eylinder walls increases abnormally. This produces 
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a difficult condition to lubricate inasmuch as the metals 
used in manufacture do not permit of high running bear- 
ing pressures. Theoretically, trouble will be experienced 
when this pressure exceeds 100 pounds per square incli 
with a piston surface speed of 200 ft. per min. and when 
using an oil which is ordinarily of proper grade. With 
lower speeds, there will be trouble before this pressure 
is reached. 

Considering the selection of the oil from the stand- 
point of steam pressures, temperatures and quality, it 
will be noted that a heavier oil, with compounding, will 
have to be selected for the uniflow than for the coun- 
terrflow operating with similar steam conditions. The 
increased viscosity is necessary since continued high 
temperatures prevail in the uniflow at the ends of the 
cylinder, while corresponding parts of the counterflow 
are cooled by the washing of the exhaust steam. As 
the expanded steam passes out of the center in the uni- 
flow and all of the expansion takes place in one cylinder, 
the cylinder walls at the middle of the eylinder are 
continually washed by the wet steam. This necessitates 
sufficient compounding to satisfy this condition in order 
to get proper lubrication, but the compounding should 
be kept at a minimum consistent with good practice for 
two reasons; First: when the animal oil used for com- 
pounding is exposed to the high temperatures at the 
ends of the cylinder, there is a tendency to form acids 
through decomposition, and there is a possibility of the 
acids attacking the cylinder wall finish. Second: where 
the condensate is returned to the boilers or used for 
ice making or in a heating system, the difficulty of oil 
separation from the exhaust steam is proportionately 
increased with increase of compounding percentages. 
There is, therefore, a correct amount of compounding 
suitable for each operating condition, but in general 
this amount does not exceed 8 per cent for the best lubri- 
cating results, even with a larger percentage of moisture 
in the throttle steam. Due to the maintained high tem- 
perature in parts of the cylinder there exists a condi- 
tion conducive to carbonization of excessive or poorly 
refined oil so that the ability of the oil to withstand 
carbonization at the working temperatures must be well 
considered in selecting the oil. 

As previously stated, to maintain high temperatures 
at the admission ends, these parts are steam jacketed, 
the general practice being to use throttle steam, the 
steam passing from the jackets through the valves to 
the cylinder. This causes a condition which makes it 
impractical to introduce the oil into the steam line by 
atomization methods as the jackets act as separators, 
removing the oil in varying degrees from the steam 
before it gets to the cylinder. It therefore becomes 
necessary to introduce the oil directly into the eylinder, 
depending upon the piston to smear the oil over the 
cylinder walls, the extent of smearing, of course, depend- 
ing upon the number and location of the points of 
introduction of the oil. This condition makes the use 
of a heavy oil necessary, especially if the number of 
feeds is small. 

In considering the proper number and location of 
the points of introduction of the oil to the eylinder, 
it may be said that while these will vary with different 
installations, that plan whereby the distribution of the 
oil is most efficient is the best. The minimum number 
of distribution points is obtained with only two feeds, 
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one at each end at the top of the cylinder. Distribution 
efficiency, however, will increase with the increase in 
the number of feeds, and improved results can be ob- 
tained by locating these top feeds near the central ex- 
haust belt. Inereased number of feeds does not neces- 
sarily mean increased overall consumption. On _ the 
other hand, it should mean decreased consumption as a 
result of better distribution. Satisfactory lubrication 
should be secured on any unit with six cylinder feeds, 
one at each mid stroke position at the top of the cylinder 
with the others lying below them in the same vertical 
plane at a point from 90 deg. to 120 deg. from the top. 
Feeding cylinder oil to the walls through the piston 
and piston rod is a method suggested but not yet adopted. 
This should give satisfaction if properly developed. 

Again, due to the high temperatures maintained at 
the ends of the cylinder, conditions are conducive to 
carbonization of the oil remaining on these parts for 
extended periods. Increased carbon deposits can there- 
fore be expected with excessive increases in oil con- 
sumption. Consumption in the uniflow should there- 
fore be limited to the minimum even more closely than 
in the counterflow where the cylinder walls are alter- 
nately heated and cooled. 

A separate feed receiving the necessary attention to 
insure constant supply should be fitted for the piston 
rod and rod packing at the stuffing box, as it is possible 
to get unusual running conditions here by unequal ex- 
pansion, particularly so in the units operating without 
tailrods. Where crankcase splash is used and bulkheads 
are fitted with stuffing boxes, the same oil as is used in 
the crankease should be used in the bulkhead stuffing 
boxes. The use of cylinder oil in this box should be 
avoided, particularly when compounded cylinder oils 
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are used, as the compounding aids in forming emulsions 
in the crankease oil. 
SELECTION OF CYLINDER OIL 

IN THE SELECTION of the proper grade of cylinder 
oil, viscosity should be considered first. The fact that 
the piston is out of sight and the action takes place 
under higher temperature conditions, does not eliminate 
the application of the law which states that an oil 
should be used which gives practical and efficient lubri- 
cation with the lowest viscosity. In the light of condi- 
tions as described above and from experience, it is found 
that a medium bodied cylinder oil of 125 to 135 see. 
Saybolt Universal Viscosity at 210 deg. F. is well suited 
for most units using dry saturated, throttle steam up to 
approximately 125 lb., while for pressure and tempera- 
tures above this, an oil of 150 to 160 sec. Saybolt Uni- 
versal Viscosity at 210 deg. F. has been found to be 
well adapted. Unless compounding in the oil is found 
objectionable from the standpoint of goods manufac- 
tured or the use of the exhaust steam for other than 
manufacturing purposes, an oil is advised with some 
compounding, but not to exceed 8 per cent. 

CoNCLUSIONS 

NATURALLY there is much to be added to the above 
relative to the special devices incorporated in the de- 
sign of the individual manufacturers, but since this 
article aims to discuss the general lubrication of the 
uniflow, the discussion of special lubrication has been 
omitted. Where problems arise in connection with the 
lubrication of special devices, the designer or operator 
should request the co-operation of some reputable lubri- 
cating engineering staff which has had broad experience 
in lubricating matters. 





Trouble Hunting---X VIII 


GetTING Borers Into WorKING 


ConpDITION. 


HE OLD BOILERS being crowded beyond their 
Tame, I went to the trouble of insisting that my 

two superintendents get together and order a new 
set, in fact two sets, of boilers, and I put the facts to 
them in such a way that they could not further ignore 
my request. Then began a great scramble for list prices, 
catalogs, and everything pertaining to the purchase of 
such things. My recommendation was any standard 
make of boiler, either water tube or tubular. I wanted 
boilers, and I wanted good boilers. They both agreed 
that we not only needed them, but that we should get 
them at once. 

We finally learned, through our purchasing agent, 
that we could get ‘‘war boilers’? at Beaumont, Texas. 
These were supposed to have been boilers that were built 
during the big war especially for the government, and 
held by the U. S. Shipping Board for sale. After a 
few preliminary skirmishes, we found that some hun- 
dreds of boilers had been bought by a firm in the East— 
Chieago, I think—and that they had sent a large number 
of Heine, Babeock & Wilcox, Erie City, Frost, and sev- 
erul other makes to various distributing points around 
over the United States, and were selling them to whoever 
would buy, and shipping from their nearest point. 


By JounN PIERCE 


Among the many other makes were some designated as 
‘‘Standard Marine Water Tube Boilers.’’ 

Our purchasing agent got busy, gathered up all the 
various data, plans, and blueprints he could secure and 
sent them to us for inspection and advice. We were 
somewhat delayed because the blueprints and plans were 
not those of boilers at all, but were for the construction 
of wooden ships. Perhaps he was of the opinion that 
having so much water in the mine, we needed ships. We 
returned this batch of prints and received next the 
specifications of the various boilers. At this point I 
made bold to say that I didn’t give a ‘‘tinker’s dam’’ 
for the prints; what I wanted was boilers, boilers good 
for 200 lb. pressure, and capable of giving at the least, 
without crowding or forcing, 250 hp. of steam, each. 
They showed me the specifications of the ‘‘Standard 
Marine Water Tube’’ and I decided then and there that 
we did not want them. In the first place, they were 
14 ft. wide and only 6 ft. long. They were steel en- 
closed and were hard to do anything with. They had 
only 3-in. flues, and were only ‘‘three pass’’ boilers, 
giving the hot gases a travel of 18 ft. They were in 


every way unfit for our service and I told them so, and 
why. But these were the boilers purchased. 
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While waiting for the boilers to come, I decided to 
build a permanent fuel oil tank and get things lined 
up for them. We learned that they had left Beaumont, 
Texas, and had reached the border. We paid for them 
$5000 each, net f.o.b. cars. There were only two of 
them purchased, and while I grumbled at this, I thought 
it much better than none at all; but I predicted what 
would happen to them in no time at all. When they 
reached the border, we-were informed by the Mexican 
railways that we must pay the duties, counselors’ fees, 
ete., as well as the freight, before proceeding with them. 
One of our own locomotives had been sent to the border 
with our own paid crews and caboose, and naturally we 
were surprised to find it would cost us 11,000 pesos—- 
$5500—to get them to their destination. Think of it! 
Only $10,000 worth of boilers, and such a tax as this; 
we to do our own hauling. But we paid it, and ordered 
them forward. It was nearly three weeks before they 
came. 

While waiting, we built a dandy two-compartment 
stone tank for fuel oil; got it all piped up and everything 
looking fine. I was very proud of that tank. It had 
very heavy walls, and looked as if it would stand there 
hundreds of years, a monument to my memory. After 
it had thoroughly set, and was in the proper shape, we 
put a wall of cement on the inside of it, and a 6-in. 
cement floor, filled it with oil, and went home happy. 
The next day after filling it I took some friends to 
see my wonderful stone tank, and all remarked on its 
being built so heavily. So we went home happy the 
second time. The following morning, however, as I 
was riding my horse up the mountain road I met a 
stream of oil half a mile below the works. Well, I 
knew right now that some terrible thing had happened 
to my beloved tank. I rode on some little distance 
until I came to the place where my horse refused to 
wade into it and I had to get off and walk the rest of 
the way. 

Arriving at the works I found the worst mess I’d 
ever seen in all my life. Oil was thrown on the build- 
ings, on the roof, and all over the place. We sent at 
onee for the watchmen who had been on duty near the 
tanks. The watchmen by this time had gone home, 
had made no report at all to any of us regarding it. 
After we had called them to my office for an investiga- 
tion, they said they had heard a roar and started around 
the building to see what it was and met the oil coming. 
Further than this it was impossible to learn. They 
merely shrugged their shoulders and said, ‘‘quien sabe”’ 
(who knows). We were at no loss to know what had 
happened, for there were the long burned fuses that had 
set off the dynamite which sent her up. Well, Uncle 
John did some tall cursing but cursing would do no 
good. The tank was ruined, and that was all there was 
to it, so, as we simply had to have oil, I cleared away 
a place and built another. 

This one was built differently. I made it a two- 
compartment tank, each side holding 10,000 gal., and 
she was 10 ft. deep when finished. But her walls were 
48 in. thick at the bottom and 36 in. thick at the top, 
sloping in from the outside. The floor was 20 in. thick 
except directly under the walls, where it was 36 in., 
and all resting on rock. In the construction of this 


tank, I used 40,000 lb. of steel rails, the small rails that 
are used in mine work. The ends were bent and all 
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hooked and interlaced with each other. In addition to 
these rails, I threw in, haphazard, 5 T. of bolts, rods 
and other pieces of metal. I certainly was giving 
nobody a chance to blow up and damage this tank 
beyond repair. 

By that time I had men at work getting as man) 
pieces of the big hoist from the junk heap as we couli| 
so that we might assemble the hoist and get ready to 
‘*boil’’ water as well as pump it with the air lift. Now, 
if the gentle reader will remember, I wrote in one 0! 
my previous articles regarding these hoists, saying that 
the three of them were apparently the same, having only 
a few thirty-seconds difference between their respective 
parts and that of their neighbors. Imagine then the 
fond feeling for the world in general and rebels espe- 
cially, when, after hauling and pulling and prying, we 
would finally get a piece out, get it all cleaned and 
scraped and ready to go onto the next piece, to find that 
it belonged to one of the two that we didn’t want to use. 
‘Woe is me.’’ I certainly felt as if I had rather be 
any place else than there. Did any of you fellows ever 
see the disk of a 500-hp. hoist? Or the crank shaft? 
Think, then, of getting the shaft up 40 ft. in the air, 
working it along until she set in her pillow blocks, the 
disk mounted and all ready to drive the keys, to find, 
on lining her up, that you’d got the wrong shaft, and 
the one on hand was 3% in. too long! 

We finally got one hoist together, and started bolt- 
ing her up when the boilers arrived. So we dropped 
work on the hoist and started to unload our boilers. 
We got them off the cars and found quite a bit of them 
left. The Mexicans had not stolen all the loose pieces, 
just those that they could get off easily. But we looked 
them over and started in on them. I hunted those two 
boilers from one end to the other, trying in every way 
possible to find a single inspector’s mark on them to 
show that they had been accepted by the government 
and made report to my company to the effect that they 
were ‘‘rejected’’ boilers, and I would mount them only 
under protest. This report brought the president from 
New York, in person, and he fully agreed with me re- 
garding them, but carefully explained that the stock- 
holders had given notice that the final, or last appro- 
priation for opening up the mine would be the last 
money they would advance, and the mine must either 
‘*sink or swim’’ with the money on hand. Seeing this 
was the last hope for ‘that particular property, though 
the company has many others, I decided to go ahead. 

Well, we set them up and looked them over. Of all 
the poor workmanship and miserable construction that 
man ever saw, it was in those Standard Marine Water- 
Tube boilers. The water legs were full of steel shavings, 
made by cutting the tube sheets for tubes; there were 
bolts, nuts, pieces of tube expanders, pieces of cutter 
tools—cold chisels, calking tools, and just plain steel 
rods in them. It certainly had been an outrage to send 
good Americans to sea in boats which carried boilers 
like these. When we finally did get them steamed up, 
we found that half the seams leaked, and leaked badly; 
fully one third of the rivets leaked, the manhead did not 
fit the hole and days were spent in dressing it to shape 
to get a fit. The flange pads were riveted on with four 
rivets to a pad and every one was in such deplorable 
shape that all had to be dressed down and seraped to 
make them hold water at all. Every fitting on the 
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boiler leaked, and the gage glasses were a bastard size. 
Taken all in all, these boilers were an outrage. The 
boilers themselves were mounted on a steel casing and 
the easing was nothing more nor less than a huge box 
made of very thin material. Now imagine some 35 T. 
of steel boiler, water, and stack resting on this casing 
and a heavy oil fire beating against the 9-in. brick wall 
in the rear. If one made it any thicker he simply 
ruined his fire space, for he had but 6 ft. to start with, 
and every inch less that he made it was that much 
worse. Dutch ovens to give longer space for the flame 
could not be constructed as the front of this miserable 
casing carried the water leg of this boiler front, and 
there was absolutely no way possible to remove it and 
carry the weight of the leg. There were no ports, nor 
pillars of steel to act as a support in case Dutch ovens 
were considered, and we had to cast about for some way 
to get the most of one bad bargain. 


Psychology of the Power Plant 


SYCHOLOGY and boiler stoking are two things 
P that would hardly be considered as capable of being 

closely connected, yet an experience which has re- 
cently come to the attention of the writer would appear 
to prove that gratifying and important results can be 
gained by applying psychological principles to improve- 
ment of conditions in a power plant. The experience 
occurred in a large New England factory. While the 
methods employed by the master mechanic of the plant 
extend to all departments under his supervision, the 
limits of this article compel restriction of the present 
narrative to an account of progress and success in the 
boiler room. The master mechanic, who for short, may 
be called the executive, is essentially ‘‘a progressive 
party.’’ He cannot be kept tied to the hitching post 
of ‘‘things as they are.’’ He holds the belief that new 
industrial conditions demand new methods and new men, 
so in practice he adopts the new methods and selects 
or shapes the new men to carry them out. In the boiler 
room, when he took charge, there was a force of men, 
good in their way, but wholly unprogressive and in- 
capable of adapting themselves to new ways. Some 
had spent many years in the service of the corporation 
and the management was laudably reluctant to disturb 
them. In this reluctance as well as in real sympathy 
for the men, the new executive shared. Finding, how- 
ever, that substantial advance in efficient operation 
could not be made without a change, he held conference 
with the agent of the mill, with the result that all re- 
straint on his action was removed. 

Just here psychology lends a hand to smooth out 
difficulties. Instead of arbitrarily using his power to 
discharge the men, the executive conferred with them; 
explained the situation to them and informed them that 
it would be necessary to replace the entire crew with 
new men. But, he told them that no man would be 
discharged or be obliged to lose a meal on account of 
the change. They would be allowed ample time to find 
and would be aided in obtaining employment in other 
parts of the factory or elsewhere as they preferred. 
In this way, without friction or ill-feeling, the way was 
prepared for the next step in advance. 

The next move was to secure men with sufficient edu- 
cation and ambition to appreciate and utilize oppor- 
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tunities for advancement. This having been accom- 
plished, plans were formulated to afford the means of 
acquiring technical knowledge and stimulating a desire 
to make the most of it. A school was formed among the 
men and competent instruction secured. As a result 
of the procedure, the efficiency of the force was greatly 
inereased and boiler room expenses greatly diminished. 
It may be noted as indicating the appreciation by the 
company officials of the good work accomplished by the 
school that one of them meets from his own resources 
all expenses of the school work. But not less notable 
and important than the efficiency attained is the spirit 
of good will and accord between the men themselves 
and between them and the management. Every man 
is not only permitted but specifically invited to see the 
executive and is assured of a sympathetic hearing and 
satisfactory adjustment in any case that portends 
trouble. In practice it is found that but few cases arise, 
and that even in these few a good talk usually straightens 
things out. The executive holds that any serious quarrel 
or disagreement among the men would lower to some 
extent their team work efficiency, so he is alert to pre- 
vent trouble or remove it should it occur. He takes 
a deep personal interest in the men and does not hesitate 
to show it. A standing exhortation of his is: ‘‘I want 
each man to try for the job above him. I would be glad 
to see any of you in a position to give orders instead of 
receiving them. The higher you go the better I will like 
it. All the men now in higher positions including myself 
must some day go and the most competent will be the 
ones to fill the vacated places.’’ 

Men who have secured licenses through their experi- 
ence in the plant and the instruction given in its school 
have been hired by other concerns, and it is characteristic 
of the psychology prevailing that gratification at the 
advancement of the fortunate ones rather than selfish 
regret at the loss of their improved ability is the senti- 
ment expressed by ‘‘The Boss.”’ 

The concrete lesson to be drawn from the experience 
in this power plant seems to be that the warm hearted 
psychologist, rather than the coldly mechanical effi- 
ciency expert gets the best results where the human 
element is a factor, and that by a sound psychology, 
whether consciously or unconsciously applied, the will- 
ing co-operation of the men and the cordial support of 
the management may be secured. 


IN AN ANNOUNCEMENT just issued by the Department 
of Commerce, through the Bureau of the Census, the 
manufacturing establishments covered by the census of 
1919 are classified according to the number of wage- 
earners employed in each establishment. Out of a total 
of 290,105 manufacturing establishments 141,742, or 48.9 
per cent, employed only from 1 to 5 wage-earners; 
56,208, or 19.4 per cent, employed from 6 to 20; 25,379, 
or 8.7 per cent, from 21 to 50; 12,405, or 4.3 per cent, 
from 51 to 100; 10,067, or 3.5 per cent, from 101 to 
250; 3600, or 1.2 per cent, from 251 to 500; 1749 or 
0.6 per cent, from 501 to 1000; and 1021, or 0.4 per 
cent, employed over 1000 wage-earners each. There 
were 37,934 small establishments which reported no 
wage-earners, the proprietors presumably doing the 
work themselves. The census, however, is not supposed 
to include all small establishments but only those having 
an annual output of at least $500. 
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Alarms for the Power Plant 
THE WRITER has made use of many gages that were 
‘discarded around the plant to give an alarm when- 
ever pressures begin to fluetuate beyond that desired. 
They have been used on steam, water, air, ammonia, 
high and low pressures. 


Figure 1 shows how the attachment is made to the 
gage. <A piece of German silver wire is soldered onto 
the stem of the curved rack; an oblong hole is cut 
through the side of the gage case so that the wire can 
extend through the gage and meet terminal. Regulation 
for desired pressure can be had by adjusting the screw 
on the terminal which is on the outside mounted on a 
piece of insulating material. 

If desired the terminal can be set inside of gage 
easing but would have to be insulated at point of attach- 
ment, this would also require taking the face of the gage 
off when a readjustment is desired. 


Due to slight fluctuations which are present in most. 
pressure gages a constant ringing bell is desired so if 
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connections are once made the bell will ring continuously 
until the operator disconnects or remedies the pressure. 


Figure 2 shows how an alarm was made for a low- 
pressure blower. The minimum pressure was to be 154 
in. mercury, 2 in. was generally maintained. A boiler 
gage glass was bent into a U-shaped form; a piece of 
rubber tubing was used to connect the U-gage to the 
piping. A wire was inserted through the atmospheric 
leg and into the mercury of the U-gage. The other wire 
was inserted through the rubber and into the pressure 
side leg of the U-gage to the point where the alarm was 
desired. 


Annoyance was experienced with a pump which was 
drawing water from a vacuum reboiler under 25 in. 
vacuum. At times, leaks would develop in the stuffing- 
boxes of the rod, valve stems and piping. This would 
cause the water to become aerated and unfit for use. 
An alarm, as shown in Fig. 3, was decided upon. 

Taking the cover off the pump, we drilled and tapped 
it for a 3-in. pipe connection; a piece of 3-in. pipe with 
cap on end made the air chamber. A 1-in. con- 
nection from the top of the air chamber was run to a 
water tank made of 4-in. pipe capped on bottom. This 
tank contained a bottle of about one quart capacity; 
the 14-in. pipe ran through the cap, then into the bottle, 
upon which was a small glass containing mercury. A 
small amount of water regulated by needle valve A was 
continuously left running, that is, about dripping. 

When air was present the water in bottle would be 
displaced, causing it to rise; when rising, the mercury 
in the small glass would meet the contacts and cause an 
alarm. The cover on top of tank consisted of a piece 
of slate drilled to receive two 14-in. brass rods which had 
a small piece of German silver soldered on the ends. 
Valve B is used for expelling the air from the bottle 
after closing valve A. 

A hole was cut in the side of the tank for observa- 
tion, also an overflow, as shown, to take care of the 
drippings. 

Figure 4 shows a float used to make contact and give 
an alarm whenever the trap failed to operate. It will 
be seen that if the trap failed the 214-in. pipe would ‘fill 
with water, also the float. As the water entered the 
float, it would descend, making contact. A hose con- 
nection is used between the pipe and float connection 
to give it flexibility. I have used this device on an ex- 
haust line in connection with a vacuum trap. 


Aua. Gass. 


Design of Tank Tower 


Somesopy has said (Kipling, I think) that ‘‘There 
are four-and-twenty ways of writing tribal lays, and 
every bloomin’ one of ’em is right.’’ So it is with engi- 
neering—there are numerous more or less satisfactory 
solutions of the problems of the day’s work. 

In the March 15 number of Power Plant Engineer- 
ing, F. W. Brady illustrates by example the method of 
solving the problems attending the design of a tower 
for the support of an oil tank. 

Without eriticizing Mr. Brady’s design, the follow- 
ing is offered as an improvement upon it. Beginning 
with the foundation piers, we would carry them down 
to 2 ft. 6 in. below grade and allow them to project 6 in. 
above. Instead of battering the sides of the piers, we 
would make them the form shown, as this requires only a 
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square hole in the ground for the footing course and a 
simple square box form for the top. 

The columns, or legs, are placed 6 ft. apart, which 
permits the sides of the tank to project over the edge 
of the platform. This prevents rain water getting under 
the tank, which, by the way, is the cause of the deteriora- 
tion of many tanks placed on floors that project beyond 
the sides of the tank. 

In designing the columns, Mr. Brady limits himseli 
by the consideration of the least radius of gyration. 
The limiting ratio usually assumed is 125. This ratio is 
the limiting factor only when the column is loaded to 
capacity as set by the formula 16,000 — (70 x L--r). 
In the columns prescribed by Mr. Brady (5 by 5 by 
%4 in.) the permissible unit stress, by the foregoing 
formula, and assuming an unbraced length of 10 ft., 
is 7000 lb. per sq. in. This makes the actual stress 
of 800 lb. per sq. in., due to the dead load, seem ridicu- 
lous. Having the 5-in. angles on hand, however, we shall 
use them. A 6 by 4 by \% by 8-in. angle for the base is 
ample. In lieu of this size, a 5-in. angle may be used; 
what is desired is two rivets connecting the angle to 
the column. 

The bracing may be the 214 by 21%4 by 14-in. angles 
which are placed diagonally as shown. (The bracing on 
the other sides of the tower are not shown on the draw- 
ing—this for clarity.) 

For the top framing we may use 6-in. channels, or 
8-in. channels should they be available and at no greater 
cost. We may mention here that the deflection limita- 
tion of 1/360 of the span applies to beams carrying 
plastered ceilings and need not be considered in this 
case. 

The platform, or floor, is made of 3-in. planking 
which need not be fastened down; 3-in. planks are ample 
in this design because the span has been reduced to 
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REVISED TANK TOWER 


6 ft. The ends.of the planks are sawed to a circle that 
is 2 in. less diameter than the tank, which prevents 
rain water getting under the tank. 

Steel structures that have been correctly designed 
look ‘‘skinny’’ to the uninitiated. In the present design 
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the question of stability against wind pressure might 
be raised. Assuming a wind pressure of 20 lb. per 
sq. ft. over the projected area of the tank, the overturn- 
ing moment is 9 X 7 XK 20 * 14 = 17,640 ft.-lb. The 
resisting moment is the weight of the tank (empty), 
structure, and concrete piers on a moment arm of 3 ft. 
The weight required for stability is, therefore, 17,640 -:- 
3 = 5880 lb., which is much less than the total weight. 

It might be mentioned here that the best design 
for the support of this tank is a three-legged tower. 
The angles are readily partly closed at one end to con- 
form with the triangular plan. 

C. O. SANDSTROM. 


Fighting Scale 

IN A LETTER signed by James E. Noble in the 
March 15 issue of Power Plant Engineering, he says 
that ‘‘the best method of preventing scale formation 
in boilers is to remove scale-forming material before it 
enters the boilers.’’ He also says that equipment for 
so doing is rather costly. Nobody can deny the cor- 
rectness of either statement, and, inasmuch as the cost 
of this kind of equipment usually amounts to thousands 
of dollars, it may be questioned whether it is not out 
of proportion to the returns for small or moderate sized 
plants. Just at present the matter of undertaking such 
a large expenditure is being examined with a good deal 
of hesitation by many executives. 

But all this is no reason for injecting into the boilers 
chemicals which are of doubtful value to say the least 
and the use of which is dangerous in many eases. Also, 
treating a boiler even with homemade remedies, as Mr. 
Noble suggests, at a cost of $5 to $10 a barrel, is going 
to run into money. In addition there is nothing cer- 
tain about them. The only reason for them, it appears 
to me, is the desire to save the trouble that an actual, 
mechanical cleaning costs. 

Conscientious engineers have found that they can’t 
very well avoid this trouble if they would have cer- 
tainty instead of guesswork. The sight of several hun- 
dreds of pounds of scale removed from a single boiler 
is quite a compensation for a day’s work now and then. 

Mechanical tools make boiler cleaning quite easy. 
I believe that any one of them is worth tons of caustic 
soda or sal soda which Mr. Noble suggests for the pur- 
pose. The main advantage of thoroughly cleaning the 
tubes is a saving of 10 to 50 per cent in the fuel con- 
sumption, not to speak of easier steaming of boilers and 
longer life of the tubes. Wo. Harris Day. 


Collapsing Strength of Iron Pipes and Tubes 
In THE April 15, 1921, issue of Power Plant Engi- 
neering I noticed an article by W. F. Schaphorst on 
‘Collapsing Strength of Iron Pipes and Tubes’’ which 
contained an alinement chart solving the formula 


9,600,000 t?-1® 


P= 
LD 

At that time I filed this chart away for future use. 
Recently I attempted to use this chart as a check in 
designing and discovered considerable discrepancy 
between the results given by this chart and _ tables 
based on Professor Stewart’s experiments for the 

National Tube Co. 
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On looking up the matter in several handbooks, 
namely Kent, Marks, Machinery and Halsey’s, I found 
that they all give Stewart’s Formula and in addition 
Marks has the following to say: 

‘‘For collapsing pressure, where L is not greater 
than 6D, Fairbairn’s empirical formula (1858) is: 
P = 9,672,000 (t?°/LD), or, more simply, P = 9,675,600 
(t?/LD).’’ 

In 1906 two series of experiments were made by 
Prof. Reid T. Stewart on Bessemer steel lap-welded 
tubes (see Trans. A.S.M.E., vol. 26, p. 730). In one 
series the tubes tested were 85% in. in outside diameter 
and of varying thickness and length, while in the other 
series they were 20 ft. long and of varying thickness and 
diameter. The tests showed that all of the old formulas 
were inapplicable to the wide range of conditions found 
in modern practice. Prof. Stewart found that the length 
of tube between transverse joints tending to hold it to 


T 


& 


w & & DVAWMd 


THICK NE SS ~/NCHES 


% 
y 
~ 
S 
ES 
« 
N 
S 
S 
8 
R 
> 
ss) 


STEWART ‘S FORMULA 


P= /000(/- V7" 160052) 
6 


P =86,670§ -I3 








FOR/IIULA AIS FOR VALUES OF P LESS THAN 581 

48. PER SO./N. OR ¥} LESS THAN 0.023. FORIIULA B 

1S FOR GREATER VALUES. ui 
EXAMPLE: -— 3"ST7O. BO/LER TUBE. O0109"THICK. 
COLLAPSING PRESSURE = 1690 L8. PER SQ. IN. 


COLLAPSING STRENGTH OF STEEL PIPES AND TUBES WITH 
LENGTH GREATER THAN 6 TIMES THEIR DIAMETERS 
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a circular form has no practical influence upon the col- 
lapsing pressure of a commercial lap-welded steel tube, 
so long as this length is not less than about six diameters 
of tube. 

As based upon his researches, Stewart’s formulas for 
the collapsing pressure of modern lap-welded Bessemer 
steel tubes are as follows: 

P = 1000 [1 — V (1 — 1600 t?/D?) ] (a) 
P = 86,670(t/D)— 1386 (b) 

Formula (a) is for values of P less than 581 Ib., or 
for values of (t/D) less than 0.023, while formula (b) 
is for values greater than these. 

Kent gives the following extract from an article by 
S. E. Slocum in Engineering, January 8, 1909: ‘‘ Here- 
tofore designers have been forced to rely either upon 
the antiquated experiments of Fairbairn, which were 
known to be in error by as much as 100 per cent in 
many eases, or else to apply the theoretical formula of 
Love and others without knowing how far the assump- 
tions on which these formulas are based are actually 
realized.’’ 

A single formula and curve combining both of Stew- 
art’s formulas is given in Peddles ‘‘Construction of 
Graphical Charts.’’ The formula there is: 
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T 
— = 0.00274 & *\/P + 0.000,000,001,1 P? 
D 

I am inclosing a print of an alinement chart based 
on Stewart’s formulas as obtained from a table in Kent’s 
Handbook. 

It will be noticed that this chart is for lengths greater 
than six diameters. For lengths less than that, the chart 
does not hold good but is on the safe side. 

DonaLp J. BERGMAN. 

Tue Eprror of Power Plant Engineering very kindly 
submitted to me a copy of Mr. Bergman’s letter for 
any possible comments I might have to make upon its 
publication. 

I am pleased to know that Mr. Bergman has gone 
into the matter of collapsing strength of iron pipes and 
tubes so thoroughly and has unearthed some formulas 
that are evidently much better than the formula on 
which my chart was based as published in the April 15, 
1921, issue of Power Plant Engineering. 

Somewhat over a year ago I had occasion to look into 
the collapsing strength of iron pipes, tubes and cylin- 
ders and looked through all available sources, did con- 
siderable corresponding on the subject, spoke to prac- 
tical designing engineers who have had much more expe- 
rience than I have had, not only with tubes subject to 
collapsing pressure, but with large vessels such as con- 
densers which maintain a high vacuum within and con- 
sequently must resist an enormous pressure from with- 
out. The upshot of it all was that I considered the 
formula: 

9,600,000 t?-78 - 
WD ies cicatintiaaliitencais 
LD 

as being the most used formula of them all. It is a 
much quoted formula and, like Mrs. Winslow’s Soothing 
Syrup, has been used for many years—63 yr. to be 
exact. On account of the exponent 2.18, however, and 
the large constant 9,600,000, substitutions are not as easy 
as in most formulas used in engineering, consequently 
I based my chart upon this well-known and much-used 
formula. 

The writer did not intend to claim that the chart 
would meet all problems of tubes, pipes and cylinders 
subject to collapsing pressures. There certainly is no 
doubt as to the authenticity or age of the formula, but 
caution should be exereised in its application, just as 
is done, or should be done, with all formulas used in 
the design of engineering structures. 

W. F. ScHapnorst. 


AN INVESTIGATION of the gum-forming constituents 
of manufactured gas will be undertaken by the Bureau 
of Mines in co-operation with the United Gas Improve- 
ment Co., of Philadelphia, Pa., which company will bear 
the expenses of the investigation. It is proposed to 
make a study of the nature and production of gum- 
forming constituents in manufactured gas which de- 
crease the efficiency of its utilization. Dr. R. L. Brown, 
associate physical chemist, will direct the work, which 
will be performed at the Pittsburgh station and at the 
plant of the United Gas Improvement Co. in Phila- 
delphia. 


IDLE FOLKS indulge in useless conversation. 
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Safety Device for Determining Water Level 
in Gage Glass 

It 1s difficult to determine the water level in a gage 
glass from a distance without straining your eyes, and 
sometimes then it is quite confusing. A little device 
ean be made very cheaply which will remedy this 
condition. 

Take an empty gage glass and half fill it with 
water, then place it in front of something with lines 
running in a diagonal direction, and you will observe 
that through the portion which is empty the lines will 
continue to run in the same direction, but those lines 
seen through the water will appear to run in the reverse 
diagonal direction. 
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DIAGONALLY ‘STRIPED BACKGROUND FOR GAGE GLASSES 
AND DETAILS 


This principle may be applied as a safety device 
for determining the water level in a gage glass as 
shown in illustration by using a piece of sheet metal 
about 5 in. wide, the length of which must be deter- 
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mined by the length of the gage glass. Paint the back- 
ground white, then stripe diagonally with black lines 
about 3g in. wide and about 3@ in. apart. This piece 
of sheet metal should be slightly concave so that it 
will fit around the glass as at C so that it may be seen 
from any position on the floor. 

A clamp for fastening the plate in place is shown 
at A, the detail dimensions of which must be taken 
from the column to which it is to be attached. 

GeEorGE C. STIERHOFF. 


Socket Wrench Attachments 


AN ENGINEER made a few attachments for his most 
popular sized socket wrench which enabled him to use 
it better. These are illustrated in the accompanying 
drawing. The wrench can be used as a regular socket 
wrench with the bar through it, as at A. This can be 
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SOCKET WRENCH ATTACHMENTS 
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extended with the extension B or used with a power 
air drill with the attachment C. If the handle D is 
used, the tool can be used on offset angles. 

Cuas. H. WILLey. 


A Simple Shower Bath 


THE IMPROVISED shower bath shown is well worth the 
time and slight expense required in making. For a 
mixer obtain a piece of pipe 5 or 6 in. in diameter and 
at: least 8 in. long, the longer the better. Screw a cap 
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DETAILS OF IMPROVISED SHOWER BATH 


on each end and drill 14-in. holes for steam and water, 
respectively, and a 34-in. hole on the top for sprinkler 
pipe. Use a 2-in. coupling for the center and drill and 
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tap for 14-in. spray with cap on each end. The holes 
for spraying should be about 1/16 in. in diameter. The 
shower we installed in the power plant was so successful 
that others were installed in the factory. 

Sam Bow. 


Preventing Oil Tank Gage From Being Broken 


OFTEN we can make improvements on some appar- 
atus in the boiler or engine room to prevent break- 
age, ete. I have a pressure tank in my engine room 
used for lubricating the engine eylinder and other 
steam-using apparatus which needs internal lubrication. 
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GAGE VALVE 


FIC.3 
FIG. 1. GAGE GLASS WITH TWO GUARDS 
SHEET IRON WASHER DRILLED TO RECEIVE GUARDS 
GAGE GLASS FITTED WITH FOUR EXTRA GUARDS 


FIG./ 


FIG. 2. 
FIG. 3. 


The oil gage glass on this tank was equipped with only 
two guards, as shown in Fig. 1, and quite often the glass 
which is only 12 in. from the engine room floor was 
broken when the engine room was swept or scrubbed. 
To remedy this trouble I placed four more guards 
around the gage glass, which was done in the following 
way. ‘T'wo washers were cut of heavy sheet iron, four 
holes drilled along the edge and one large hole in the 
center as shown in Fig. 2. The gage glass and packing 
nuts were removed from the gage valves, then one of 
the sheet iron washers was placed over that part of the 
lower gage valve which holds the packing nut as shown 
in Fig. 3 at A. Next the top washer was placed on the 
top gage glass valve and held there until the gage glass 
and packing nuts were in place; then the top washer 
was left resting on the top gage glass packing nut shown 
in Fig. 3 at B. After that, the four new guard rods 
were put into the four holes in the washer. After this 
improvement there was no more breaking of the gage 
glass accidentally. The last glass that was placed has 
been in service about 4 yr. H. A. JAHNKE. 


Stopping Small Leaks 
LEAKS, WHICH are bound to occur at many points 
around a power plant, are not only a source of annoy- 
ance, but often cause appreciable losses. Small leaks are 
often noticed by the engineer in charge, but due to lack 
of time or because of their trivial nature, are allowed to 


continue for days. Such leaks, when they occur at the 
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joints in steam and water lines, are readily stopped 
without breaking the joints and with no other materials 
than those which may usually be found in the immedi- 
ate vicinity. As an example, I have found that the tin- 
foil from a package of cigarettes or tobacco will stop 
small leaks very effectively when rolled up and calked 
into the threads with a light screwdriver. It will make 
a permanent repair. E. G. M. 


Inexpensive Pair of Small Dividers 


NEcEssiTy is the mother of invention. A small pair 
of dividers is at best an expensive tool when a satis- 
factory substitute can be quickly made from a broken 
hacksaw blade. The temper is easily drawn a little to 


DIVIDERS MADE FROM BROKEN HACKSAW BLADES 


grind or file to points. The holes in the ends are per- 
fect for a light rivet. In this manner a few of the odd 
moments will afford an inexpensive but practical little 


pair of small dividers. 
F. W. BENTLEY, JR. 


Easily Constructed Bench Clamp 


THIS TOOL, illustrated in the accompanying sketch 
is simple, yet very useful and serviceable and can be 
made from bar stock by a blacksmith quite easily. 


SHOWING METHOD OF USING BENCH CLAMP 


The vertical leg is of round stock so that the tool 
can be swung around to the most convenient position. 


The sketch tells plainly its use and construction. 
C. W. 





POWER PLANT 


May 1, 1922 
Qu | 


What Causes These Tubes to Leak? 


IN CONNECTION with letters recently published cov- 
ering cases of leaky tubes, I am submitting the follow- 
ing for discussion hoping the information will be useful : 

A 125 hp. combination horizontal return tubular 
and water-tube boiler in our plant started to leak in the 
rear head. The tubes, then 11 yr. old, were renewed 
as they were too brittle to work over. 

These new tubes which have been in service one year 
have developed leaks three times, have been rolled each 
time and are starting to leak again. 

The boiler is slightly overloaded and the furnace 
temperature is excessive, a setting lasting only one year. 
The tubes are cleaned daily, the rear head is free of scale 
and the breeching is cleaned regularly. Great care is 
exercised to avoid strains due to cooling at all times. 

The return bend was moved, the rear wall moved 
back 32 in. from rear head and a flat suspension arch 
installed in place of bend. This was done to stop the 
scrubbing action of flames on rear head. 

Suggestions to remedy this defect will be appre- 
. ciated. W. C. B. 


How Are Furnace Radiation Losses 
Determined? 

RECENTLY A situation arose where it was necessary 
to make a determination of the radiation loss through 
boiler furnace walls. I would like to know, in this con- 
nection, what combustion engineers estimate this loss to 
be. What percentage of the total fuel fired is wasted 
in making up the loss through uninsulated boiler walls? 
Take, as a hypothetical case, a boiler operating at 150 
per cent rating, having 9 in. of fire brick and 8 in. of 
common brick as the wall components. 

The writer finds that estimates of this loss vary 
greatly, and would appreciate the views of other 
engineers on this subject. . C.F: DB: 


What Causes This Increase in Vacuum? 
In my turbine station I have two 500-kw. turbines, 


with barometric condensers. The problem is, what 
causes the vacuum to be 2 in. higher in the afternoon on 
No. 2 machine than it is in the morning? Conditions 
are just the same as far as load, steam pressure and 
amount of water handled by condenser are concerned 
as in the morning. The mill stops at noon for one hour, 
but we do not shut down, we simply reduce the vacuum 
to 10 in. Could this condition be due to heating the 
exhaust pipe during the noon hour, causing it to expand 
and stop some of the small air leaks that may be in the 
system? I might say that we have tested for air leaks 
and found none, and have painted all flanges. 
G. L. 
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Massachusetts Second-Class Engineers’ 
Examination Questions 

How po you start a turbine ? 

2. What is the critical speed of a turbine, and what 
causes the vibration? 

3. How do you equalize the cutoff on a Corliss 
engine? 

4, Do the valves trip on long range Corliss, if set for 
more than one-half stroke, when the eccentric goes by 
center ? 

5. What is the range of cutoff on the single eccentric 
Corliss ? 

6. What is the range of cutoff with the non-releas- 
ing gear? 

7. Does the receiver pressure vary with the steam 
pressure on a cross-compound engine? 

8. Why cannot the speed of the Corliss engine be 
changed by changing the reach rods? 

9. How do you set the valves on the cross and tan- 
dem compound engines? 

10. Which side do you set first on a cross-compound 
engine? Why? 

11. How are the cranks set on the cross-compound, 
and why are they so set? 


ANSWERS 

TO WARM UP, give enough steam so that the turbine 
will turn over, usually the bypass will give enough steam 
to keep it going; it should be done this way so that the 
spindle will warm evenly all around. If you should 
warm up without turning the spindle around the top 
would be hot and the bottom cold, which will give 
unequal expansion. 

2. The critical speed of a turbine is usually found 
somewhere near 34 of its normal speed, although in 
some there is no critical speed. Vibration is caused 
by the rotor being unbalanced, which causes vibrating 
just before it goes into its actual center of balance; 
there are other causes of turbines vibrating, but this 
is the one that is generally considered. 

3. Assuming that the valves had been set with the 
proper lap and that the cutoff had been nearly correct, 
we would do the rest of the regulating by adjusting the 
reach rod on one end until the cutoff is equal on both 
ends. 

4. After the eccentric passes its center, the valve 
eannot trip; but on the long range Corliss the eccentric 
is usually set less than 90 deg. ahead of the crank. 
For instance, if the eccentric were set at 45 deg., it 
would be possible to get about 34 cutoff, so that with 
a double eccentric there would be no trouble in getting 
1% eutoff or more, up to 34 stroke. 

5. Not later than 14 stroke, for, as the eccentric is 
set 90 deg. ahead of the crank plus the lap and lead 
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angles, when the crank gets to 90 deg. the eccentric will 
be past the dead center and on the return stroke. The 
Corliss valve must release before the eecentrie begins 
the return stroke, otherwise it will operate the same 
aS a positive motion valve gear. 

6.. About 34 stroke. 

7. Yes, it will vary as the steam pressure varies. 

8. The reach rods are for regulating the cutoff and 
are used for the sole purpose of moving the cams. The 
changing of the reach rods will make a slight change 
in speed, but not enough to be of any consequence. 

9. The valves on the cross-compound should be set 
about the same as on a simple engine, while those on the 
tandem compound would be set the same except for 
compression, which should be later. 

10. The high pressure side should be set first as this 
is where the steam starts on its way, and where the speed 
of the engine is largely controlled. 

11. They are set 90 deg. apart so as to give an even 


turning effort on the shaft. 
L. N. W. 


Empirical Equations Used in Chimney Design 
WHAT FORMULA should be used in designing a chim- 
ney for a pair of horizontal return tubular boilers? 
What factors should be taken into consideration ? 
R. A. B. 

A. The size of chimney to be used for a given boiler 
installation should be figured from the capacity require- 
ments of the boilers, the amount of flue gases that must 
be handled and the flue gas temperature. These factors 
are the draft required, area of the grate, thickness of 
fuel bed, resistance through the.setting, ete. 

In practice the particular combination of height and 
diameter which would be best suited for the installation 
can not be predetermined with any degree of accuracy 
because of the uncertainty of various factors entering 
into the problem. 

If specific data are not available for determining 
these factors, any one of several empirical equations 
may be used. 

These equations are all much alike in a general way 
and one will probably answer as well as another. 

Kent gives these equations: 

HP = 3.33 EV H 
H = (0.3 X HP.)? + E? 
E=0.3 X HP.+—-VH 

In these equations, H is the height above the grate 
in feet; E is the effective area and is equal to A — 
0.6 ¥ A, where A is the inside area at the top, sq. ft.; 
and HP. is the boiler horsepower. 

Adams gives the following equations: 

H = F? — (14A)? 
A=F—-14VH 

Here, F is the pounds of coal burned per hour. The 

other factors are the same as in Kent’s equations. 


Remedy for Burning Soot in Stacks 


Ir srEMS unfortunate that W. F.-C. has to shut down 
his plant because of sparks issuing from his smokestacks 
and dropping on neighboring buildings, as stated in the 
April 1 issue, page 388. If W. F. C..is burning highly 
inflammable fuel such as shavings, soft coal, slack or 
dust, I would advise him to clean out the base of his 
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stacks more frequently. If the soot burns in the stacks 
it can be mixed in layers with the fuel which he is 
using and will help save coal provided the necessary 
draft is on the fires. 

Another method which I would recommend, but 
which should be used only in case of emergency and 
only when the stacks are cooled down, is to run 11/-in. 
galvanized pipe from the discharge end of the pump to 
the top of each stack on the outside. Connect a round 
circle of perforated pipe at the outlet of the stack. A 
spray of water issuing from those holes will wash down 
the soot inside. Of course this method does not prolong 
the life of the stack, especially a brick stack, as the 
brick maintains the heat longer. Provision should be : 
made for draining the pipe close to the pump to pre- 
vent freezing in cold weather. 

If W. F. C. does not desire to follow these instruc- 
tions and coke, egg, buckwheat and pea coal are avail- 
able, he should use either grade, as they are not so 


inflammable and there is little soot. 
Patrick Mo.woy. 


Cause of Leaky Flues 


From THE letters in the April 1 issue of Power Plant 
Engineering, commenting on my statements concerning 
leaky flues, in the Jan. 15 issue, it would appear that 
I had started something. 

The sketches shown in connection with my leticr 
were merely for the purpose of showing the path of 
the gases. They were not drawn to scale and not 
intended to illustrate the boiler. 

I made no notes at the time, but I remember that 
the boiler was set high above the grates and was in good 
condition as regards seale. The flues had also been 
properly rolled and beaded. This boiler was in a con- 
tractor’s plant where efficiency did not count for as 
much as reliability of service. 

Mr. Vradenburgh says that tubes properly rolled and 
beaded should remain tight much longer than one year. 
How much longer the tubes remained tight, I do not 
know as the plant was later dismantled and I lost 
track of the boilers. 

No records of coal consumption were kept excepting 
the coal bills so that my statement that less coal was 
being burned was taken from that source. 

In Mr. Carter’s letter it is stated that raising ihe 
combustion chamber or bridge wall necessarily caused 
a greater draft, as the gases of combustion had less 
space through which to pass and therefore caused them 
to have a higher temperature on reaching the tube sheet. 

I did not know that in raising the floor of the 
combustion chamber I had increaSed the draft. I had 
supposed that the area of the flues and the space over 
the bridge wall would fix the pressure drop through the 
boiler. 

He is correct in saying a reduction in the area of 
the gas passage would increase the temperature, but my 
experience has been that the increase occurs where the 
reduction is made and not 8 or 10 ft. away, as was 
the case in this installation. The gases reached the 
back head at too high a temperature and as the larger 
portion of the boiling is done in the first 18 or 20 in. 
of the flues, the back end of the boiler was filled with 
steam bubbles and not solid water. 
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The change in setting was made to keep the gases 
in contact with the shell, because the steam jets in the 
stacks caused a high rate of combustion and made the 
gases sweep the bottom of the chamber. In so doing 
the temperature and volume of the gases were reduced 
before they reachd the back head and more of the heat 
was given up to the shell. 

Perhaps a baffle or wing wall under the rear section 
of the boiler would have served to better advantage. 

‘ C. G. Harpen. 


Work Done by Vacuum Pump 


Is 1T true that a vacuum pump works harder pulling 
against a 12-in. vacuum than it does against a 25-in. 
vacuum? How is the theoretical amount of work done 
computed in each case? W. F. E. 

A. It is not true that a vacuum pump works harder 
against a 12-in. vacuum than it does against a 25-in. 
vacuum, provided that the same weight of gas is handled 
in each ease, as the following example will illustrate. 

In such a pump or compressor, the work done per 
pound of air handled may be expressed by the equation 

W = 4.33 M.B.T. [(p.—p,) *?*—1] 

4.33 being derived from n--(n—1), in which n is a 
constant which for isothermal compression would be 
1.60, and for adiabatic compression would be 1.40, ap- 
proximately, or the ratio of the mean specific heat at con- 
stant pressure to that at constant volume, but for the 
purpose at hand where compression is not strictly adia- 
batie we assume as equal to 1.30; exponent 0.231 is 
derived from (n—1)--n; M is the weight of the air 
under consideration, namely 1 lb.; B is what is known as 
a gas constant which for air is 53.34; T is the absolute 
temperature in the condenser corresponding to the pres- 
sure p, and is equal to 647 deg.; p, is the initial pressure 
which for a 12-in. vacuum referred to a 30-in. barom- 
eter is 18-in. mereury or 8.85 lb. per sq. in.; and p, is the 
atmospheric or discharge pressure, 14.7 lb. per sq. in. 

Evaluating this equation we have W = 4.33 XK 1 X 
53.384 & 647 [ (147 + 8.85)°?5 — 1] — 18,604 'ft. Ib. 

With a vacuum of 25 in. in the condenser the pres- 
sure is 5 in. mercury or 2.46 lb. per sq. in. and the 
temperature, T, corresponding, is 593 deg. absolute. The 
equation is then W = 4.33 & 1 X 53.34 & 593 [(14.7 
~- 2.46)°?91—_ 1] = 58,981 ft. lb. 

From these results it will be seen that the power 
required with the higher vacuum is somewhat more than 
three times as much as is required by the lower vacuum. 


Cause of Feed Pump Failure 


Rep.tyine To A. H. F.’s question on page 340 of the 
March 15 issue of Power Plant Engineering, I would say 
that the cause of the cylinder cracking around the end 
is, in my opinion, slamming at the end of the stroke. 
This may in turn be caused by an increase in steam 
pressure accompanied by an increase in pressure on the 
suction supply line without a corresponding increase 
of compression. This slamming may or may not occur 
on both ends of the stroke, depending on what the setting 
of the valves may be. 

The metal of an old casting around stuffing-boxes 
in pumps will become brittle and if not of extra heavy 
thickness, may crack as stated. If the casting is in 
sich a condition, it will be necessary to put on a new 
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cylinder or perhaps put in a new pump. Many bolts 
are broken by screwing up the nuts on the follower hard 
against old hard packing. Calipers should be used on 
pumps of such size as a variation of 1/16 in. in the 
setting up of the gland would cause it to rub against 
the plunger, and wear a shoulder there. With the 
shoulder on the plunger, any change in valve adjust- 
ment which would cause the plunger to travel further 
toward the follower gland, would cause this shoulder to 
strike the edge of the follower gland, breaking both it 
and the bolts. It might also pull a strong bolt out of 
the casting and in doing so crack the casting. 

Careless use of a monkey wrench in tightening the 
nuts while running has been the cause of many bolts 
becoming bent as the crosshead jammed the wrench in 
against them. 

The length of the piston stroke is always increasing 
with wear on the valve and tappets or links, and in 
taking up this wear many men have met with the same 
trouble by not keeping the piston traveling in the same 
portion of the cylinder. 

Had I reason to believe that the plungers were worn, 
I should try a pair of calipers all the way around the 
plunger, which would show if it had become worn off on 
any one side where the stuffing-box gland had been 
rubbing. Finding this to be the case, I would so change 
the piston stroke that its travel toward the stuffing-box 
would be shorter which would prevent the shoulder from 
striking until such time as the plunger could be taken 
out and turned up true in a lathe. R. A. Cuurra. 


Selecting the Prime Mover 

In 4 new electric generating plant it has been decided 
that we use a horizontal reciprocating engine. Should a 
simple or compound engine be used? Which is generally 
considered to be the better suited for this class of work, 
i.e., where electric power is the only product? 

E. B. F. 

A. It is to be assumed from your statement that an 
engine must be used, that the turbine has been discarded. 

If no use can be made of exhaust steam and if there 
is plenty of cooling water available at a low cost, a 
condensing unit would invariably be the choice, and 
the type of engine that would give the best overall 
economy under these conditions should be selected. 
Generally speaking a compound engine would be used. 

Other considerations may, however, influence the 
choice. Without knowing, then, all the conditions of 
operation, a fair decision can not be made. Below is 
a general list of the advantages and disadvantages of 
the compound engine which would have a bearing on the 
ultimate award: 

ADVANTAGES 

High range of expansion permissible. 

Cylinder condensation decreased. 

Clearance and leakage losses decreaséd. 

Crank effort equalized. 

Steam consumption reduced. 


DISADVANTAGES 
First cost increased due to multiplication of parts. 
Increased bulk. 
Increased complexity. 
Increased wear and tear, and maintenance cost. 
Radiation losses multiplied. 
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Standardization to Reduce Costs 


Although it is important that every piece of appara- 
tus in a plant be suited to the work it is to do, which 
in some cases involves special design and construction ; 
and while standardization of power machinery has bee» 
well advanced, there are yet some lines where reducing 
the varieties of styles and adopting a common standard 
would result in lower costs of manufacture, hence lower 
cost to consumers. What can be accomplished in reduc- 
ing costs both of making and installing equipment is 
well illustrated by the standard pipe fittings, now 
universally used; and progress has been made in nearly 
every line of power plant equipment looking toward 
like results. 

In specialties, of course, standardization is not possi- 
ble except as to connections, for each has its particular 
features, but reduction of types and sizes to those really 
needed may offer a field for economies which will result 
in benefit to the industry. 

Gains come from having less capital tied up in raw 
materials, partly finished and finished stocks of goods, 
jigs, dies and special machinery, storage space and spare 
parts. Greater production is possible because of fewer 
changes in machine-tool setting, longer and steadier 
runs, less inspection and stock keeping, lower cost of 
waste and experimenting. Employes become more profi- 
cient when working on a less variety of parts and better 
service can be given on repairs. 

For the buyer, standardization and simplification 
permits better comparison of various makes of appara- 
tus, makes the planning for enlargement or rearrange- 
ment of plants easier, cuts the cost of installation, over- 
hauling and replacement and reduces the cost of 
emergency spare parts to be carried. 

While it may require courage to tell a sales force 
that they are to have a less variety of goods to offer, 
those who have tried it find that it is a wise policy to 
cut out unnecessary sizes and lines for which there is 
little demand and concentrate on those which are widely 
used. The work of the Bureau of Standards of the 
Department of Commerce, and the efforts of the Fabri- 
cated Production Department of the Chamber of Com- 
merce of the United States have helped many individual! 
manufacturers and trade associations to make decided 
progress in this direction, and the results obtained are 
well worth investigation by those seeking to eliminate 
waste and increase efficiency. 


Go Back to Principles 


Too frequently we do things in the power plant 
according to instructions without much thought as to 
why it is done just that way except that we are fol- 
lowing explicit instructions and that we get the desired 
results. The fireman is given orders to maintain certain 
drafts in his furnace and windbox for specific loads 
carried on the boiler. When he does this well, his les- 
son has been learned and little more pains are taken 
to point out to him just why these variations give 
better results. 

Oilers are told that a certain brand of oil is to be 
used for the steam cylinders, another for engine and 
generator bearings, while another must be used on tur- 
bine bearings. In answer to any questions he may ask, 
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he is likely to receive the reply that best results are 
obtained by using the oils specified. 

When any new piece of apparatus is put into a plant 
there is usually a set of rules tacked up on the wall 
nearby giving directions for starting, stopping and care 
of the equipment, and frequently a set of don’ts follow 
the regular rules for operation. All these instructions 
are good and necessary but it is not likely that they can 
cover every situation which might arise in the operation 
of the apparatus and those who are responsible for the 
equipment in the plant should make clear the reasons 
for each rule laid down in the plant, thus preparing the 
men to meet emergencies not covered by rules. 

It would be possible to cite numerous cases where 
workmen are usually given orders rather than instruc- 
tions and when in an emergency they must depend 
upon their own judgment serious mistakes are made 
because the principles underlying their work have not 
been thoroughly understood. 

Probably the natural laws used in the power plant 
which are most difficult to understand are those dealing 
with chemical changes and for this reason many things 
take place in the power plant which are mysterious to 
the average man. Take for example the chemistry 
involved in the treatment of water for boiler feed pur- 
poses, and we encounter reactions and double reactions, 
the equations for which comparatively few men in the 
power plants of the country would attempt to write 
out with any degree of certainty that they are right. 

The method of testing water by titration gives rapid 
and accurate results even when the test is performed 
by a man who is not familiar with the chemical 
changes involved, yet any engineer who notes the 
changes in the character of the water in the Schuylkill 
River, as given by Messrs. Joos and Binns on other 
pages of this issue, can readily appreciate the import- 
ance of a knowledge of the chemical changes which take 
place not only during the process of titration but also 
while the water is undergoing treatment. This series 
of two articles on boiler water is intended to give the 
reader a working knowledge of the process of water 
treatment and aid in the operations of boilers by going 
back to first principles. 


Abating the Smoke Nuisance 


Notwithstanding the remarkable progress which of 
late years has characterized the art of stoker and fur- 
nace design and the advances made in methods of burn- 
ing coal, our industrial centers are still more or less 
conspicuous because of the large volumes of smoke issu- 
ing from the stacks of their power plants. In the larger 
cities where stringent smoke ordinances are enforced, 
the atmosphere has to some extent been cleared of the 
obnoxious element but there are still many localities 
where practically no effort is made to prevent its pro- 
duction. : 

Experience has shown that with good modern equip- 
ment—well designed furnaces and suitable stoking 
equipment—the production of smoke can be reduced to 
a negligible quantity. And, since smoke, in addition to 
being a nuisance to the community is generally also an 
indication of inefficiency, the larger plants have seen 
fit to install such modern apparatus as would eliminate 
smoke and its consequent waste of fuel. Many of the 
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Power Plant Slogans 


Keep and Analyze Operating Records in 
Every Power Plant. 

Develop Water Power Sites. 

Promote Health and Safety in Power Plants. 

Handle Coal and Ashes Mechanically. 

Employ Engineers for Engineering Work. 











smaller plants, however, are still operating under condi- 
tions conducive to the production of smoke. 

There is no particular reason, however, why a small 
plant cannot eliminate the production of smoke as well 
as a large plant by the use of suitable equipment. This 
does not mean scrapping the entire plant and installing 
new equipment, but merely the making of a few simple 
changes in the furnace construction or in the design 
of the grates. As an illustration of what may be accom- 
plished along this line, the reader is referred to the 
article in the current issue by R. R. Hillman. Mr. Hill- 
man describes a specific case, but the method of solu- 
tion is one which, no doubt, can be applied in almost 
any similar case where the smoke nuisance is to be 
eliminated. 


When You Move Notify the Post Office 


Many PEOPLE who change their place of residence at 
this time of the year do not advise the post office of 
their new address and, as a result, valuable letters and 
parcels addressed to them are delayed or fail of delivery. 

You should be sure, if you have changed your resi- 
dence or contemplate such a change, to notify the post 
office promptly either by dropping a card, giving both 
the old and the new address, in the nearest mail box 
or by giving your new address to the letter carrier, 
who has cards especially provided for that purpose. 

Also be sure to notify all publications to which you 
subscribe so that the mailing address may be changed 
and your copies reach you regularly and promptly. 


INVESTIGATIONS CONDUCTED at the Northwest Exper- 
iment Station of the U. S. Bureau of Mines at the Uni- 
versity of Washington, Seattle, show that there is no 
reason, technically, why many American coals cannot 
be successfully cleaned of part of their ash and refuse 
by froth flotation, a process already in extensive use in 
cleaning or concentrating copper, lead, and other ores. 
Particularly on the Washington State coals investigated, 
much ash not ordinarily removed by the present form 
of cleaning jigs is capable of elimination. The process 
has already been put into successful commercial practice 
in England and in other foreign coal fields. Its com- 
mercial success in this country must, of course, depend 
on its cost as compared with the present cost of putting 
clean coal on the market. It would appear, however, 
that the process offers promise, especially in coal fields 
where the product coming from the mines contains high 
ash, and where competition from clean coal from other 
fields is not too great. For the future, when it becomes 
imperative to mine the dirtier beds of coal, it points the 
way to greatly increasing the nation’s potential coal 
supply. 





















Side Dump Underfeed Stoker 


HERE HAS been recently brought out by the 
Under-Feed Stoker Co. of America, the Jones stand- 

ard side-dump stoker, the design of which is in a 
large degree similar to the stokers previously made by 
this company, but which embodies in addition hand- 
operated side dump grates which are fairly well illus- 
trated in the accompanying illustration. 

The stoker is self cleaning and consequently a marked 
saving in labor is possible. 
steam driven ram moves the coal to the rear and up- 
ward as it undergoes the different stages of combustion. 





















SIDE DUMP FEATURES OF JONES UNDERFEED STOKER 


Ash and clinker are finally deposited on the side dump 
plate and are dropped from there into the shallow ash 
pit below. These dump plates are operated at intervals 
of from 2 to 6 hr., depending on the ash content, the 
rate of firing, and the firing characteristic of the coal 
burned. 

The ash is raked out from the pit, after it has cooled, 
through the ash pit door. There is practically no loss of 
draft or chilling of the fire during this operation. 

An air blower used in connection with this stoker is 
regulated as to speed by the boiler pressure as is also 
the stoker engine. This parallel regulation of both air 
and fuel results in a constant relation between the two, 
a faet which tends towards better combustion efficiency. 


The Ray Elastic Disc Expansion Joint 


HE DEVELOPMENT of the Ray Elastic Disc 
| eyeliner Joint, shown in the accompanying illus- 
tration, is of particular interest to those having had 
experience with the design or operation of long pipe 
lines. That pipe lines undergo variations in length due 
to changes in temperature is only too evident from the 
destructive effects which manifest themselves in cases 
where no provision is made to compensate for expan- 
sion. The new. Ray Electric Expansion Joint was 
designed to compensate for such expansion and at the 
same time provide an absolutely tight joint. 
As is seen from the illustrations, the joint con- 
sists of two flanges connected together by means of a 
flexible element, the flanges being guided relatively to 
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each other so as to permit longitudinal movement while 
preventing lateral movement. The longitudinal move- 
ment of the flanges is secured through the bending of 
the metal of the flexible element. The elastic element 


of this joint, shown in Fig. 2, consists of a number of 
corrugated steel dises alternately welded together at 
their inner and outer circumferences, the end dise being 
provided with enlarged flanges for attaching to the 
The dises are pressed from plates 


flanged end pieces. 









FIG. 1. PART SECTIONAL VIEW OF RAY ELASTIC DISC JOINT 


of crucible nickel steel, which, when subjected to the 
particular heat treatment given the completed element, 
has an elastic limit of approximately 170,000 Ib. per 
sq. in. and an ultimate strength of about 220,000 lb. 
combined with great toughness or resiliency. 

The elastic element is entirely complete in itself and 
distinct from the other parts of the joint. The method 
of connecting the elastic element to the flanged end 
pieces is clearly shown in the illustration, Fig. 1, and 
it may be seen that the two flanged end discs of the 
elastic element are securely held between heavy male 
and female flanges of the end pieces, suitable gaskets 





FIG. 2. THE ELASTIC ELEMENT 


being used to prevent leakage. This method of connec- 
tion to the elastic element is of importance as it not 
only allows the element to be removed and replaced 
readily but it also permits every weld in the elastic ele- 
ment to be subjected. to identical working conditions and 
eliminates the concentration of stress which would other- 
wise result from the rigid attachment of the flexible discs 
to the end pieces. 
































le 








May 1, 1922 





Referring to Fig. 1, it will be seen that the outer 
easing used not only serves as a protecting covering 
for the dises and a foundation for heat insulating cov- 
ering, but also acts as a stop for the movement of the 
joint in both directions, thus preventing the movement 
of the elastic element from exceeding the elastic limits 
under any cenditions of use or even unuse. There is 
also a heavy tube inside of the elastic element one end 
of which is forced into one of the flanged heads, the 
other end making a close sliding fit with the other mov- 
able head in a true axial line. In addition to acting as 
a guide this tube also will prevent the escape of any 
considerable amount of steam in case of breakage of 
the elastic element, due to any unforeseen or accidental 





FIG. 8. ACTUAL PHOTOGRAPH OF A TYPICAL WELD IN THE 
ELASTIC ELEMENT 


cause. This tube furthermore protects the elastic ele- 
ment from water hammer and the entrance of foreign 
bodies between the dises. 

The end flanged pieces are made of cast iron for low 
and standard pressure, and of cast steel for high pres- 
sures with superheat. They are provided with standard 
or extra heavy flanges as required with suitable drilling 
for through bolts, ete. 


Power Plant Materials 


ROM the Survey of Current Business issued by the 

Department of Commerce are obtained figures 

which give the trend of the markets for materials 
used in the construction of power plants and the machin- 
ery for equipment. The Survey covers all fields of 
business, but the data of special interest to those engaged 
in the power plant industry are as follows: 

Compared with prices in 1913, the per cent whole- 
sale prices for February, 1922, were: on hides, 90; on 
chromé leather, 170; on bituminous coal, 160; on coke, 
125; on pig iron, 125; on steel billets, 105; on steel 
beams, 100; on copper, 80; on lead, 105; on tin, 70; on 
zine, 80; on brick, N. Y.—250, Chicago—160; on cement, 
150; on rubber, 20; on sulphurie acid, 80 per cent. 

Some figures which show the trend of business in 
recent months are also given. Production of bitumin- 
ous coal inereased for February over January, 1922, 
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due to the effort to accumulate a surplus before the 
strike went into effect, the total for the two months, 
January and February, 1922, being 10.4 per cent greater 
than for the corresponding months of 1921. Prices for 
February were slightly less than for January and were 
30 per cent less than for February, 1921. Production 
of anthracite increased slightly for February over Janu- 
ary, but the total for the two months of 1922 was 13.8 
per cent less than for the same months of 1921, the 
price being about 90 cents a ton less for domestic sizes. 

Petroleum showed for February a decline in produc- 
tion from the January figures of 2000 bbl, but was 6200 
bbl. greater than for February, 1921. The consumption 
was 4300 bbl. greater than for January, 1922, and 1600 
bbl. greater than for February, 1921. The price was 
the same as for January, but was $0.31 less per bbl 
than for February, 1921. 

Power supplied by public utility companies showed 
a decrease from January figures as would always be 
the case on account of the lengthened days, but there 
was an increase over February, 1921, the total for 
January and February being 8.5 per cent greater for 
1922 than for 1921. 

Of the two materials chiefly used in power machin- 
ery, iron and steel showed little change in production 
either as between months or between years, but copper 
production was 61.1 per cent less for January and 
February, 1922, than for 1921. ‘The price of pig iron 
was $9 to $10 a ton less for February, 1922, than for 
February, 1921, and steel beams were about $1 per 100 
lb Jess, while copper was $0.007 per Ib. less than in 1921. 

Building construction showed for the first two 
months of 1922 over 1921 a gain of 87.7 per cent in 
floor area and 61.9 per cent in value, all classes of build- 
ings participating in the increase. But the lamentable 
fact is that the losses of buildings by fire was greater 
than the value constructed, even with the increased 
rate of building. Production of fire brick declined 31.5 
per cent for the two months of 1922 over 1921, but face 
brick production increased 45.6 per cent. Prices for 
common brick in New York showed practically no 
change, but for Chicago the price for 1922 was about 
$2.88 less in 1922 than in 1921. Cement production 
was practically unchanged, but the price for 1922 was 
about $0.25 a bbl. less than for 1921. 

About 5,000,000 Ib. more of belting leather was sold 
in January, 1922, than for January, 1921, but the sales 
of belting were 14,000 lb. less. Prices for sole hemlock 
middje No. 1 were le per lb. more for February than for 
January, but were 3c per lb. less than for February, 
1921, 

Study of the figures shows that the materials which 
enter into the construction of machinery are for the 
most part readjusted nearly or quite to a prewar basis, 
but leather, fuels, brick and cement are still high, though 
showing a decrease from last year. Prices for these 
commodities have been fairly steady for the last 4 mo, 
but with a slight upward turn recently. 


A NEWLY discovered coal field is reported in Shan- 
tung Province, which is said to contain an immense 
quantity of smokeless coal. Chinese and foreign engi- 
neers were engaged in the exploration of the coal field, 
and the mine is to be developed under Chinese auspices 
at an expenditure of $500,000—Compressed Air. 
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Program for A. S. M. E. Spring 
Meeting 


RRANGEMENTS are now completed for the spring 
meeting of the American Society of Mechanical 
Engineers which will be held on May 8 to jl in 

Atlanta, Ga:, the headquarters being at the Piedmont 
Hotel. Registration opens on Monday morning and 
there will also be a meeting of the Council during the 
morning hours. In the afternoon a general business 
meeting will be held and in the evening the members 
and guests will be given an informal get-together dinner 
at the Piedmont Hotel. 

Tuesday morning’s sessions will begin at 9:30 with 
a public hearing on the Power Test Codes followed by 
three simultaneous sessions. At the textile machinery 
session, §. E. Gillespie will read a paper on Cotton 
Ginning Machinery, and E. H. Marble one on Mainte- 
nance of Textile Machinery. The material handling 
session will be given over to a paper entitled Material 
Handling Equipment as Used in the Iron and Steel 
Industry by F. L. Leach. In the general session, the 
following papers will be read: Accuracy of Boiler Tests 
by Alfred Cotton, and Turning Exhaust Losses Into 
Work in Reciprocating Engines by J. Stumpf and C. C. 
Trump. 

The afternoon of Tuesday will be given over to excur- 
sions to points of local interest and in the evening a 
dance will be held in the Ansley Roof Garden. 

Three simultaneous sessions will be held on Wednes- 
day. At the textile machinery session, L. B. Jenckes 
will read a paper on Weaving Machinery, Joseph David- 
son on Extraction of Oil from Vegetable Matter, and 
F. E. Banfield, Jr., on Modern Shop Practice in the 
Building of Revolving Flat Cars. The papers to be pre- 
sented at the fuels session are as follows: Reduction of 
Fuel Wastes in the Steel Industry, by F. G. Cutler; 
The Control of Boiler Operation, by E. A. Uehling; and 
Boiler Room Performances and Practice at Colfax Sta- 
tion, Duquesne Light Co., by C. W. E. Clarke. The 
titles of papers to be read at the general session are as 
follows: Centrifugal Castings, by Leon Cammen; The 
Muscle Shoals Nitrate Plant and The Nitrogen Supply, 
by Maj. J. K. Clement; Insulation Losses from Pipe 
Coverings, by R. H. Heilman; and Evaporation of a 
Liquid Into a Gas, by W. K. Lewis. 

In the afternoon, a barbecue will be given and a golf 
exhibition match will be held at the East Lake Country 
Club. In the evening, an informal dinner will be given 
in the Ansley Roof Garden. 

Three simultaneous sessions will be held on Thursday 
morning, the management session being given over to 
papers entitled The Southern Worker—His History and 
Character, by F. H. Neely, and Management Applied to 
Textile Plants, by George S. Harris. At the power 
session, the following papers will be read: Power Devel- 
opment in the Southeast, by Chas. G. Adsit, and Eco- 
nomics of Water Power Development, by C. A. Mees; 
New Developments in Hydroelectric Design, by John A. 
Sirnit ; and Report Upon Efficiency Tests of a 60,000-kw. 
Cross-Compound, Triple-Cylinder Steam Turbine, by 
H. B. Reynolds and W. F. Hovey. The third session 
will be a symposium on welding, the papers to be pre- 
sented being as follows: The Strength of Electrically 
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Welded Pressure Containers, by R. J. Roark; Some 
Principles of the Construction of Unfired Pressure 
Vessels, by S. W. Miller; Steel for Forge Welding, by 
F. N. Speller; and Tests on Welded Cylinders, by E. A. 
Fessenden and E. J. Bradford. The afternoon will be 
given over to a theater party and the evening will be 
left free for individual conferences. 


Coal Production Reaches Lowest 
Record 


CCORDING to a report issued April 8 by the 

U. S. Geological Survey, the total production of 

coal, including anthracite and bituminous, reached 
the lowest point in modern coal history during the first 
week of the strike which has been carried on since 
April 1. The output of bituminous coal dropped to 
approximately 3,500,000 T. during the week ending April 
8, or about 14 the production of the previous week. In 
the anthracite region, work ceased entirely. 

The reports show that from 60 to 64 per cent of the 
bituminous tonnage of the country has been closed by 
the strike. Of the remaining tonnage a significant por- 
tion had not been operating recently for lack of demand. 
In the first week of the 1919 strike, 71 per cent of the 
tonnage was closed. The smaller portion closed during 
the present strike is partly explained by the fact that 
certain organized districts whose contracts did not expire 
on April 1 have continued to operate. 

The following statement shows the cars of soft coal 
loaded daily, according to telegraphic reports received 
from the carriers. As April 1 is a union holiday, load- 
ings on Saturday did not reveal the extent of the strike. 
The first test came on Monday, April 3. On that day 
11,445 cars were loaded, against 38,056 cars on the pre- 
ceding Monday. Monday, April 3, 11,445 cars; Tuesday, 
11,019; Wednesday, 11,411; and Thursday, 11,061 cars. 

Returns received at the time the report was issued 
for Friday, April 7, indicated little change, and the 
total output for the week was estimated at 3,500,000 T. 
In the first week of the 1919 strike 3,582,000 T. were 
produced. 

The week’s output falls short of what the mines not 
affected by the strike can produce if the demand is active. 
From mines in many non-union districts reports of ‘‘dull 
market,’’ and ‘‘no orders’’ had been received, and there 
was a large number of loaded cars unbilled on the sid- 
ings, some of which were in fields closed by the strike. 

The record of production during March removed all 
reasonable doubt that the 52,500,000 net tons of soft 
coal in the hands of consumers on March 1 had increased 
to 63,000,000 T. or more, by the opening day of the 
strike. The quantity on hand on April 1 was, therefore, 
equal to the maximum stock at the end of the war. 

At the rate of consumption prevailing in January 
and February, the reserve in the hands of consumers, 
April 1, was sufficient to last 52 days, if evenly divided. 

But stocks are never evenly divided. There are some 
consumers who store virtually no coal, and in some 
entire states the average stock is much lower than in 
others. Further, a certain minimum reserve is neces- 
sary for steady operation of utilities and industrial 
plants. 

Back of this stock of 63,000,000 T. in the hands of 
consumers, April 1, there was a further reserve of over 
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4,000,000 T. on the upper lake docks, and a smaller 
quantity stored on the ground at the mines or at inter- 
mediate storage yards. These figures take no account 
of the coal on wheels, including a heavy tonnage of 
unbilled loads on hand at the mines when work stopped 
in the union districts on Saturday. 

Anthracite is stored commercially in three places— 
in retail coal yards, on the upper lake docks, and in 
the storage yards of the producers. Retail coal dealers’ 
stocks on March 1 were about the same as a year ago, 
but much larger than in 1919 and 1920. Stocks on the 
lake docks were 821,000 T. on the same date. No statis- 
tics of anthracite in producers’ storage are available 
for March 1. On Nov. 1 last, there were 4,500,000 gross 
tons in the yards, of which 40 per cent was domestic 
sizes. 

In addition there is a surplus of 1,000,000 T. of coke 
on hand at by-product coke works, much of which may be 
considered a substitute for anthracite. 


Fire Destroys Union Iron Works 
Building 

N THE night of March 23 fire broke out in the 

main factory building of the Union Iron Works 

at Erie, Pa., and in spite of all precautions that 

had been taken to prevent such a loss and the strenuous 

efforts of the fireman, the main building was completely 

destroyed. This building had been erected in sections, 

as the growth of business over a period of more than 

20 yr. demanded, and represented various types of con- 

struction ranging from brick with wooden window 

frames and roof trusses to all brick and steel. The main 

part of the building was 70 ft. wide by 600 ft. long 

and the ell connected to it was 100 ft. wide by 250 ft. 
long. 

Although the origin of the fire is not known, indica- 
tions are that it started in the riveting tower, about the 
middle of the plant. Here the old type wooden timber 
construction was employed and, due to the heat from the 
rivet forges, was thoroughly dried out. 

While the loss of this main building was serious, it 
is covered by insurance and the factory still has a com- 
plete stock and tank house, a complete flanging depart- 
ment, blacksmith shop, casting department, warehouse, 
storehouse, power house and office. In the buildings 
which remain, work will proceed without interruption 
and but slight delay. 

Steps have been taken to rebuild immediately, the 
new building having already been determined upon as to 
size and character. 


News Notes 


THe PenNsyLvaAnia Pump & Compressor Co. has 
opened an office in Chicago under the management of 
H. M. Montgomery, the address being 105 West 
Monroe St. 

Tue Duquesne Licut Co., of Pittsburgh, has recently 
authorized Dwight P. Robinson & Co. to install two 
additional boilers of 22,914 sq. ft. of surface and to 
design and construct extensive additions to the com- 
pany’s high tension sub-stations. 
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INTERNATIONAL FILTER Co. has moved its general 
offices in Chicago from the First National Bank Build- 
ing to 327 W. 25th St. 

ANNOUNCEMENT has reached us of the ‘‘Informa- 
show,”’’ the official exposition of the National Association 
of Purchasing Agents, which is to be held at Rochester, 
N. Y., May 15 to 20, 1922. This is to be a convention 
and exhibition, and is so named because the character 
of the exhibits is such as will serve to demonstrate the 
importance of the consideration of values in the determi- 
nation of purchases. 

Wuitine Corporation has moved its Chicago sales 
office from 1245 Marquette Bldg. to 945 Monadnock Bldg. 


Tue McC.ave-Brooxs Co, has appointed the Steam 
Plant Equipment Co., Kansas City, Mo., as its repre- 
sentatives in that territory. 

THe Fiexistp Steet Lactne Co., of Chicago, has 
just placed on the market a new size of Alligator steel 
belt lacing known as No.1. This is for tape belts rang- 
ing in thickness from 1/16 to 3/32 in. and is made up 
in 6-in. sections. 

CompustION ENGINEERING CorPORATION completed 
arrangements whereby, on March 1, the Power Plant 
Equipment Co., of Kansas City, Mo., became the repre- 
sentative in that territory which covers, in a general way, 
eastern Kansas, eastern Nebraska, western Arkansas and 
western Missouri. : 

THE PaTTERSON-KELLEY Co., formerly located at 26 
Cortlandt St., New York, has removed its offices to the 
Architects Building, 101 Park Ave., New York, as it is 
thought that this more central location will permit serv- 
ing customers, both local.and out of town, much more 
promptly, conveniently. and efficiently. 

DuRING THE LAST THREE months there have been a 
number of changes in the sales organization of the Celite 
Products Company. Branch offices have recently been 
established in Boston, Buffalo, Cincinnati, and Minne- 
apolis. F. W. Emerson has been placed in charge of 
the Boston office, W. D. Van Arnam is district man- 
ager for Buffalo territory, L. M. Lindsey is in charge 
of the Cincinnati office, and E. R. La Belle is at Minne- 
apolis. A change has also been made in the New 
Orleans office which places J. C. Etheredge as district 
manager for this territory. 

Tue TENNESSEE CoA, Iron & Ratroap Co. has just 
closed a contract with the Fuller Engineering Co. for 
the installation of the complete coal drying, pulverizing 
and conveying systems to serve its plant at Ensley, Ala. ; 
also the burners and feeders for five 834-hp. Stirling 
boilers designed to operate at 200 per cent of rating. 

The boilers will be situated approximately 600 ft. 
from the pulverizing plant and the fuel will be conveyed 
directly from the pulverizer to the boiler bins. The fuel 
will be diverted from the main line to the individual 
service bins through distributing valves and branch 
lines. The bins will be equipped with automatic bin 
indicators which will keep the operator advised at all 
times as to the fuel conditions in the service bins. 

C. E. Joos, formerly with the Atlantic Refining Co. 
in the capacity of water treatment engineer, has recently 
become associated with Cyrus Wm. Rice & Co., of Pitts- 
burgh, as chemical engineer specializing in water treat- 
ment. 
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THE U.S. Civin Service ComMIssion is authority for 
the statement that of late an average year’s business 
of the U. S. Patent Office consists of more than 85,000 
applications for patents, and that more than one and a 
quarter million patents have been issued since the present 
system was established by the act of 1836. 

Each division of the Patent Office passes on distinct 
subjects of invention. Whether the invention pertains 
to a hairpin or a cantilever bridge, a perfume or a 
deadly gas, a process of mounting jewels or for extract- 
ing and refining metals, a new toy or a new engine 
of destruction, there will be found in the Patent Office 
experts possessed of the requisite knowledge to under- 
stand the invention, its operation and the field occupied 
by similar attempts. 

The Civil Service Commission states that it will hold 
examinations on May 10, 11 and 12, and on June 21, 22 
and 23, throughout the United States, to secure eligibles 
to fill vacancies in positions of assistant examiner in the 
Patent Office. The entrance salary offered is $1500 a 
year, plus the bonus of $20 a month granted by Congress, 
and there is provision for promotion on merit to posi- 
tions paying from $1650 to $3900 a year. Technical 
training is necessary. 

Full information and application blanks may be 
secured from the U. 8S. Civil Service Commission, Wash- 
ington, D. C., or the civil service board at the post office 
or customhouse in any city. 


Catalog Notes 


LopuLco PuLverizep Fuet SystEM For LOCOMOTIVES, 
a bulletin recently issued by the Combustion Engineer- 
ing Corp., contains, besides a description of the appara- 
tus, Some interesting data on comparative tests made on 
locomotives equipped for both pulverized coal and hand- 
firing. Results of these tests are plotted against each 
other so that comparisons may be readily made. 


**NATIONAL’’ BuLLETIN No. 16D, Manufacture and 
Advantage of ‘‘National’’ and ‘‘Shelby”’ Boiler Tubes, 
contains 14 pages of description and illustrations, with 
tables of properties and pressures. The maker is National 
Tube Co., Pittsburgh, Pa. 


RECENT PUBLICATIONS of the Simplex Valve & Meter 
Co., of Philadelphia, have been received, as follows: 
Bulletin 30, entitled, Water Waste Surveys, and Bulletin 
32, How Much Water Do You Convert into Steam with 
the Coal You Buy? 

Sarety SwircHeEs and Panel Boards is the subject of 
Catalog 12-A which is now being distributed by the 
Westinghouse Electric & Mfg. Co. This catalog is pro- 
fusely illustrated with views of installations of safety 
switches in the shop, in the office, and in the home. 
Dimensions and list prices of these switches are given 
in detail. Some of the subjects that are discussed are 
the railway type safety panel boards, the safety car 
lighting panels, the auto-lock control. panels, the dead- 
front and dead-rear safety switchboards, the live-front 
knife switches and many other deviees. 

DESCHANEL CABLEWAY BULLETIN, lately published, 
describes the Deschanel cableway, with which material, 
such as coal, can be unloaded direct from railroad car or 
barge into storage, and reclaimed again for further trans- 
portation to the power house, and ashes can be removed 
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from the boiler room to cars or storage pile without 
necessitating further change in the equipment. The 
manufacturer is Deschanel Engineering Corporation, 
New York. 

Book or Views showing recent work done by Cement 
Gun Construction Co., Chicago, was lately received from 
that company. 

BuLLeTIN 10 from Thwing Instrument Co., Phila- 
delphia, deals with Thwing thermo-electric pyrometers, 
indicating and multiple-recording types. 
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